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Editor’s  note 

There  have  been  several  inquiries  as  to  the  method 
by  which  manuscripts  submitted  to  the  Journal  are 
reviewed.  Ordinarily  two  outside  reviewers  are  asked 
for  their  comments.  Since  May  1974,  when  1  took 
over,  these  reviewers  have  been  from  out  of  state  for 
the  most  part,  and  they  have  been  chosen  for  their 
competence  to  make  technical  comments  and  to 
judge  the  manuscript  from  a  broader  perspective. 
Their  comments,  together  with  those  of  the  editor, 
are  sent  to  the  author  with  notice  either  of  rejection 
or  of  acceptance,  in  the  latter  case  with  or  without 
revision.  The  outside  reviewers  contribute  invaluably 
to  the  editorial  process  and  help  to  ensure  that  the 
papers  published  in  the  Journal  will  meet  properly 


high  standards.  Even  though  the  Journal  will  quite 
properly  remain  regional  in  its  approach  it  need  not 
be  parochial.  The  papers  published  in  the  Journal  will 
necessarily  vary  in  their  appeal,  and  they  will  include 
both  original  scientific  results  and  matters  of  more 
general  interest.  In  this  issue  both  types  of  papers  are 
represented.  Recently  the  submissions  have  been  very 
heavily  weighted  toward  the  biological  sciences.  I 
welcome  suitable  manuscripts  from  other  areas  while 
recognizing  that  there  are  some  disciplines  in  which 
people  nearly  always  publish  in  specialized  journals. 

Since  May  1974  there  have  been  19  manuscripts 
submitted;  10  have  been  accepted.  7  rejected  and  2 
are  pending. 
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West,  Department  of  Biology,  V.P.l.  and  S.U., 
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manuscripts,  and  all  correspondence  regarding  ac¬ 
cepted  papers  should  be  sent  to  the  Editor. 
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A  Practical  Ozone  Generator 


In  many  laboratory  syntheses,  it  is  necessary  to 
have  a  dependable,  high-yield  ozone  generator. 
Although  there  are  many  such  generators  described 
in  the  literature,  these  are  usually  unduly  expensive; 
moreover,  their  descriptions  do  not  stress  those  prac¬ 
tical  experimental  details  upon  which  successful 
operation  depends.  In  this  note,  we  describe  an  inex¬ 
pensive,  yet  highly  dependable  ozone  generator 
which  we  have  used  routinely  in  the  preparation  of 
N205. 

The  ozone  generator  (See  Figure  1.)  consists  of 
three  concentric  tubes:  an  8  mm  inner  tube  which  is 
sealed  at  both  ends  and  which  is  tightly  wrapped  with 
number  30  bare  copper  wire;  a  19  mm  middle  tube 
which  carries  the  oxygen  flow  and  which  is  80  cm 
long;  and  a  40  mm  outer  tube  which  forms  a  cooling- 
water  jacket.  Both  inner  and  middle  tubes  must  be 
made  up  of  soft  glass;  if,  for  example,  Pyrex  is  used, 
the  ozone  yield  is  virtually  zero.  The  stoppers  which 
come  in  contact  with  the  ozone  are  paraffin-coated 
cork;  rubber  cannot  be  used  because  of  its  degrada¬ 
tion  by  ozone.  Both  cooling-water  inlet  and  outlet  are 
of  copper  tubing  so  that  both  may  be  electrically 
grounded.  A  12  kV,  60  Hz  potential  is  applied  to  the 
central  copper  coil  from  a  Variac-controlled  trans¬ 
former.  (A  neon-sign  transformer  is  adequate.)  The 


voltage  is  left  at  maximum  for  highest  ozone  produc¬ 
tion. 

The  yield  of  the  ozone  generator  was  measured  by 
bubbling  the  product  through  a  solution  0.06  M  in 
KI  and  0.03  M  in  NH4C1  (Buffer).  Iodine  produced  in 
the  reaction 

2  H  +  1  '+  03  +  2  I"1  =  I2  +  02  +  H20 
was  titrated  with  sodium  thiosulfate  in  the  presence 
of  starch  indicator  to  give  a  quantitative  measure  of 
the  ozone  concentration.  The  solution  was  buffered 
to  prevent  the  reaction 

I2  +  H20  =  HOI  +  I1  +  H\ 

Ozone  yield  was  measured  as  a  function  of  both 
oxygen  flow  rate  and  cooling-water  temperature.  Ac¬ 
tual  ozone  output  (as  opposed  to  percent  ozone)  in¬ 
creased  with  increasing  02  flow  rate.  Ozone  produc¬ 
tion  increased  significantly  with  decreasing 
temperature.  The  control  of  temperature  in 
laboratory  ozonizers  seems  to  be  generally  ignored 
but  is  strongly  recommended  as  a  technique  for  vary¬ 
ing  ozone  yield.  Typical  results  were  0.125  ml/sec  03 
(2.2%  ozone)  at  a  temperature  of  23C  and  an  02  flow 
rate  of  6  ml/sec.  This  compares  favorably  with  com¬ 
mercial  ozonizers  costing  $2,000. 

*  To  whom  correspondence  should  be  sent. 


Va.  J.  Sci.  26,  5  Spring  1975 


Fig.  1 — The  Ozone  Generator. 
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Rhododendrons  Native  to  Virginia 

Abstract — A  new  floristic  treatment  of  the  species  of  Rhododendron  native  to  Virginia  has  been  prepared  as  a  contribution  toward  a 
proposed  flora  of  Virginia.  Keys,  descriptions,  flowering  dates,  distribution  and  other  notes  have  been  included  for  the  1 1  taxa  that  occur  in 
the  various  physiographic  provinces  of  the  state. 


Members  of  the  genus  Rhododendron  L.  are  native  thoughout  the  various  physiographic  provinces  of  Virginia 
from  the  sandy  shores  of  the  Coastal  Plain  through  the  Piedmont  Plateau,  the  Blue  Ridge  Mountains,  the  Valley 
of  Virginia  into  the  ridges  and  valleys  of  the  Alleghany  Mountains.  None  of  the  1 1  species  found  in  the  state  is 
endemic  to  any  area  although  Rhododendron  cumberlandense  Braun  is  limited  to  the  Cumberland  and  Kanawha 
Plateaus  in  southwestern  Virginia. 

The  data  for  this  contribution  to  the  proposed  Virginia  Flora  have  been  compiled  from  field  observations  and 
collections,  herbarium  specimens  deposited  in  several  herbaria,  and  literature  (Grimshaw  and  Bradley  1973; 
Hathaway  and  Ramsey  1973;  Massey  1961;  Thorne  and  Cooperrider  1960;  Waters,  Bray,  and  Levy  1974). 
Nomenclature  follows  Gleason  and  Cronquist  (1963)  and  Wilson  and  Rehder  (1921);  see  also  Roane  (1975). 
Loans  of  specimens  for  study  from  the  herbaria  of  Longwood  College,  Lynchburg  College,  Morris  Arboretum, 
National  Arboretum,  Old  Dominion  University,  University  of  Richmond,  Virginia  Commonwealth  University, 
and  The  College  of  William  and  Mary  and  use  of  the  herbaria  at  the  Mountain  Lake  Biological  Station  of  the 
University  of  Virginia  and  Virginia  Polytechnic  Institute  and  State  University  are  gratefully 
acknowledged. 

Rhododendron  Linnaeus 

Evergreen  or  deciduous  shrubs  with  alternate,  entire  (rarely  ciliate-serrulate),  glabrous  to  tomentose,  lepidote 
or  strigose  leaves.  Buds  with  several  to  many  imbricate  scales.  Flowers  5-merous,  usually  in  terminal  corymbs. 
Calyx  5-parted,  various,  often  very  small,  persistent.  Corolla  white  to  yellow,  pink,  purple  or  deep  red,  rotate  to 
campanulate,  or  funnel-form,  usually  irregular,  with  a  5-lobed  limb,  the  median  lobe  adaxial;  deciduous. 
Stamens  5-10,  usually  exserted  from  the  corolla.  Ovary  superior,  5-locular.  Fruit  a  septicidal  5-celled  cap¬ 
sule,  usually  ovoid  to  oblong,  1  cm  or  more  long. 


Key  for  flowering  plants 

A.  Mature  leaves  large,  up  to  20  cm  long,  thick,  coriaceous,  glabrous;  flowers  rotate  to  campanulate; 

stamens  10  . . . B 

B.  Flowers  white  to  rose;  pedicels  and  ovary  stipitate-glandular;  calyx  lobes  much  longer  than  wide, 

mostly  2-4  mm  long  . . . .  1.  R.  maximum 

BB.  Flowers  rose-purple  to  lilac-purple,  rarely  white;  pedicels  and  ovary  hirsutulous,  not  glandular; 

calyx  lobes  broader  than  long,  mostly  under  1  mm  long  . .  .2.  R.  catawbiense 

AA.  Mature  leaves  small,  up  to  10  cm  long,  thin,  not  coriaceous,  trichomatous;  flowers  funnel-form; 

stamens  5  . . . . . . . C 

C.  Flowers  yellow  to  scarlet  . . . . . . . . . .  D 

D.  Flowers  expanding  with  or  shortly  after  the  leaves;  corolla  over  5  cm  dia;  twigs  strigose 
with  fine  dense  pubescence  between  the  coarse  hairs  ........  3.  R.  calendulaceum 

DD.  Flowers  expanding  when  leaves  are  about  mature;  corolla  5  cm  or  less  in  dia;  twigs 

sparsely  strigose  or  otherwise  glabrous  . . . 4.  R.  cumberlandense 

CC.  Flowers  white  to  rose  or  pale  purple  . . . . . E 

E.  Flowers  expanding  before  or  with  the  leaves  . . .  F 

F.  Leaf  surface  glabrous;  midrib  finely  pubescent  above  and  strigose  below 

. . . . . 5.  R.  nudiflorum 

FF.  Leaf  surface  pubescent;  midrib  densely  pubescent  or  glandular-pubescent 

above  and  glandular  or  pubescent  and  strigose  below  . . . . . G 

G.  Stamens  twice  as  long  as  corolla  tube  . . . H 

H.  Stipitate  glands  occurring  along  the  large  veins  of  the  lobes 
of  the  corolla;  corolla  glabrous  inside  . .  .6.  R.  atlanticum 
HH.  Stipitate  glands  widely  distributed  over  the  surface  of  the 
va.  j.  sd.  26,  6-12  Spring  1975  corolla;  corolla  pilose  inside  . 7.  R.  roseum 
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GG.  Stamens  three  times  as  long  as  the  corolla  tube  .8.  R.  canescens 

EE.  Flowers  expanding  after  the  leaves  are  fully  developed  . 1 

I.  Branchlets  pubescent;  pedicels  and  corolla  tube  sti- 

pitate-glandular  and  minutely  pubescent  . J 

J.  Branchlets  yellowish  or  grayish  brown,  hirsute  or 
moderately  strigose;  corolla  slightly  pubescent 

inside  above  the  middle  . 9.  R.  viscosum 

JJ.  Branchlets  bright  red-brown,  copiously  strigose, 

finely  villous;  corolla  tube  glabrous  inside  . 

. . 10.  R.  serrulatum 

II.  Branchlets  glabrous  or  very  sparsely  strigose;  pedicels 
and  corolla  tube  stipitate-glandular  without  underlying 


fine  pubescence  . 11.  R.  arborescens 

Key  for  plants  bearing  fruits  and  leaves 

A.  Mature  leaves  up  to  20  cm  long,  thick,  coriaceous,  glabrous  . . . B 

B.  Mature  capsule  1-1.5  cm  long,  stipitate  glandular;  leaves  acute,  narrowed  toward  the  base 

. . . . . . . .  1 .  R.  maximum 

BB.  Mature  capsule  2-2.5  cm  long,  densely  hirsute;  leaves  abruptly  pointed  at  apex,  rounded  or  sub- 

cordate  at  base  . . . 2.  R.  catawbiense 

AA.  Mature  leaves  up  to  10  cm  long,  thin,  not  coriaceous,  trichomatous  . C 

C.  Twigs  glabrous;  lower  midrib  sparingly  strigose,  buds  glabrous  . 11.  R.  arborescens 

CC.  Twigs  trichomatous;  lower  midrib  pubescent,  strigose  and/or  stipitate-glandular;  buds 

usually  trichomatous  . . . . . . . . D 

D.  Capsule  glandular-setose  . E 

E.  Leaves  glabrous,  lower  midrib  somewhat  strigose  . F 


F.  Twigs  bright  red-brown,  usually  densely  strigose  toward  apex;  bud  scales 
pale  with  conspicuous  dark  margin;  leaves  serrulate-ciliate/O.  R.  serrulatum 
FF.  Twigs  yellow  to  gray  brown,  somewhat  strigose  or  glabrescent;  bud  scales 
pale  brown  with  no  dark  marginal  band;  leaves  ciliate  .  9.  R.  viscosum 

hairs  and/or  glands  . . . G 

Winter  buds  grayish  pubescent;  young  branchlets  finely  pubescent 
and  sparingly  strigose,  grayish  brown  or  light  brown  7.  R.  roseum 
Winter  buds  glabrous  or  slightly  silky-pubescent;  young  branchlets 
sparingly  strigose,  setosely  glandular  or  glabrous,  reddish  brown 

. . . 6.  R.  atlanticum 

strigose,  eglandular  . . . . .  H 

H.  Pedicels  stipitate-glandular,  capsules  setose  . .  I 

I.  Buds  glabrous;  capsule  setose  and  pubescent;  leaves 

finely  pubescent  . 3.  R.  calendulaceum 

II.  Buds  densely  grayish  pubescent;  capsule  densely 
grayish  pubescent,  sparsely  setose;  leaves  sparingly 
pubescent  or  glabrescent  above  and  densely  pubescent 
or  grayish  tomentulose  beneath  ....  .5.  R.  canescens 
HH.  Pedicels  strigose  to  strigose-pilose;  capsules  strigose  .  .  .  .J 

J.  Outer  scales  of  yellow-brown  winter  buds  aristate 
with  awn  as  long  as  body  of  scale;  capsule 

strigose  . .  4.  R.  cumberlandense 

JJ.  Scales  of  brown  winter  buds  ovate,  abruptly 
acuminate;  capsule  finely  pubescent  and  strigose 
. . 5.  R.  nudiflorum 

1.  Rhododendron  maximum  L.  Rose  Bay.  Great  Laurel.  White  Laurel.  Shrub  or  small  tree  up  to  10  m  tall.  Twigs 
grey-brown,  scurfy.  Bud  scales  red-brown,  tomentose,  ciliate.  Leaves  thick,  coriaceous,  evergreen,  oblong- 
obovate,  10-20  cm  long,  abruptly  narrowed  to  an  acute  apex,  more  gradually  narrowed  or  tapering  at  the 
base,  glabrous  above,  almost  imperceptibly  scurfy-tomentose  beneath,  aciliate.  Petioles  scurfy.  Flowers 
numerous  in  an  umbel-like  cluster,  white  to  rose,  not  fragrant.  Corolla  rotate  to  campanulate,  3.5-4  cm  dia. 
Stamens  10.  Calyx  lobes  oblong,  ovate,  or  subrotund,  much  longer  than  wide,  commonly  2-4  mm  long.  Cap¬ 
sule  oblong-cylindric,  1-1.5  cm  long,  stipitate-glandular.  n  =  13  (Sax  1930).  June,  July.  Found  in  moist  or 
wet  woods.  Often  in  dense  colonies.  Occurs  widely  in  the  western  mountainous  part  of  the  state.  (Fig.  1). 

2.  Rhododendron  catawbiense  Michx.  Mountain  Rose  Bay.  Purple  Laurel.  Rose  Bay.  Shrub  or  small  tree  up  to  6 
m  tall.  Twigs  grey  to  reddish-brown,  scurfy.  Bud  scales  red-brown,  slightly  scurfy,  glandular-ciliate.  Leaves 
thick,  coriaceous,  evergreen,  oval  or  elliptic,  5-15  cm  long,  broadest  near  the  middle,  rounded,  obtuse,  or 
subacute  at  both  ends,  sometimes  subcordate  at  the  base,  abruptly  pointed  at  apex,  glabrous  on  both  sides, 


EE.  Leaves  with 

G. 

GG. 

DD.  Capsule  setose  or 
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aciliate.  Midrib  and  petiole  sparingly  hirsutulous.  Flowers  in  an  umbel-like  cluster,  somewhat  larger  than 
those  of  R.  maximum,  rose-purple  to  lilac-purple,  rarely  white,  not  fragrant.  Corolla  rotate  to  companulate, 
6  cm  dia.  Pedicels  and  ovary  hirsutulous,  eglandular.  Calyx  lobes  broadly  triangular  or  semicircular,  broader 
than  long,  less  than  1  mm  long.  Capsule  cylindric,  2-2.5  cm  long,  densely  hirsute,  eglandular.  n  =  13  (Sax 
1930).  May,  June.  Occurs  in  mountain  woods  in  western  and  southwestern  part  of  state.  (Fig.  1). 

3.  Rhododendron  calendulaceum  (Michx.)  Torr.  Flame  Azalea.  Yellow  Azalea.  Shrub  up  to  3  m  tall,  much 
branched.  Twigs  strigose  with  fine  dense  pubescence  between  the  coarse  hairs,  gray-brown.  Buds  glabrous. 
Leaves  oblong  to  obovate  or  oblanceolate,  thin,  not  coriaceous,  ciliate,  finely  pubescent  above  and  more 
densely  so  beneath  when  young,  particularly  on  and  along  the  midrib,  not  yet  fully  grown  at  anthesis,  even¬ 
tually  5-10  cm  long,  about  half  as  wide;  petioles  pubescent.  Flowers  in  clusters  of  5-15,  expanding  with  or 
shortly  after  the  leaves,  yellow  or  orange  to  scarlet  with  orange  blotch  on  the  upper  lip  of  the  corolla,  not 
fragrant.  Corolla  over  5  cm  dia,  funnel-form,  pubescent  and  glandular-pilose  on  the  outside,  glabrous  inside. 
Pedicels  setulose,  stipitate-glandular.  Stamens  5,  about  three  times  as  long  as  the  corolla  tube.  Calyx  lobes 
oblong-ovate,  glandular-ciliate,  2-3  mm  long.  Capsule  setose,  eglandular,  ovoid-oblong,  1.5-2  cm  long,  n 
26  (Sax  1930).  May.  Confined  to  the  mountainous  region  in  the  western  part  of  the  state.  (Fig.  2). 


Fig.  2 — Distribution  of  Rhododendron  calendulaceum  and  R.  cumberlandense  in  Virginia  by  city  and  county. 
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4.  Rhododendron  cumberlandense  Braun.  Red  Azalea.  Cumberland  Azalea.  Compactly  branching  stoloniferous 
shrub  up  to  3  m  tall  but  usually  low  growing.  Twigs  yellow-brown,  sparsely  strigose  or  otherwise  glabrous. 
Buds  glabrous,  yellow-brown;  outer  scales  aristate  with  awn  as  long  as  body  of  scale.  Leaves  narrowly 
obovate,  3-5  cm  long,  less  than  half  as  wide,  ciliate,  thin,  not  coriaceous,  glabrous,  full  grown  at  anthesis; 
midrib  strigose  with  fine  whitish  pubescence  above  and  sparing  strigose  and  finely  pubescent  beneath;  petiole 
strigose,  pubescent.  Flowers  several  in  a  short  raceme,  orange-red  to  red;  not  fragrant.  Corolla  5  cm  or  less  in 
dia,  funnel-form,  pubescent  with  short  almost  sessile  glands  outside,  glabrous  inside,  the  upper  lobe  of  the 
corolla  much  wider  than  the  others  and  marked  with  a  large  orange  spot.  Pedicels  strigose.  Calyx  lobes 
round-ovate,  glandular-ciliate,  less  than  1  mm  long.  Stamens  5,  three  times  as  long  as  the  corolla  tube.  Cap¬ 
sule  2  cm  long,  ovoid,  strigose,  eglandular.  n  =  13  (Li  1957).  June,  July.  Cumberland  and  Kanawha  Plateaus 
of  southwestern  Virginia.  (Fig.  2). 

5.  Rhododendron  nudiflorum  (L.)  Torr.  Wild  Azalea.  Early  Azalea.  Pinksterflower.  Honeysuckle.  Pinxterbloom. 
Shrub  up  to  2  m  tall,  branched  above.  Twigs  dull  brown  or  grayish-brown,  sparingly  strigose.  Buds  glabrous 
or  slightly  pubescent,  brown,  with  ovate,  abruptly  acuminate  scales.  Leaves  elliptic  to  obovate,  5-10  cm  long, 
thin,  ciliate,  not  coriaceous,  not  fully  expanded  at  anthesis,  glabrous  or  slightly  strigose;  midrib  finely  pubes¬ 
cent  above  and  strigillose  below;  petioles  strigillose.  Flowers  appearing  before  or  with  the  leaves,  in  clusters 
of  6-12, white  to  pink  or  pinkish-purple,  not  fragrant.  Corolla  funnel-form,  3-4  cm  dia,  finely  pubescent  and 
hirsute  to  stipitate-glandular  outside,  sparsely  hirsute  inside  tube.  Stamens  5,  about  three  times  as  long  as  the 
corolla  tube.  Pedicels  strigose-pilose,  pubescent,  rarely  stipitate-glandular.  Calyx  lobes  semi-orbicular  or 
ovate,  long  ciliate,  0.5-2  mm  long.  Capsule  oblong  to  narrow-oblong,  finely  pubescent,  strigose,  eglandular, 
1-2  cm  long,  n  =  13  (Li  1957).  Late  April,  May.  Moist  or  dry  woods  or  bogs.  Widespread  throughout  the 
state.  (Fig.  3). 

6.  Rhododendron  atlanticum  (Ashe)  Rehder.  Dwarf  Azalea.  Coast  Azalea.  Low  stoloniferous  shrub  rarely  more 
than  0.5  m  tall,  with  slender  upright  usually  sparingly  branched  or  simple  stems.  Twigs  reddish-brown  at  end 
of  first  season,  glabrous  to  sparingly  strigillose  and  sometimes  setosely  glandular.  Buds  light  brown,  glabrous 
or  slightly  silky  pubescent,  white  ciliate.  Leaves  obovate  to  oblong-ovate,  3-6  cm  long,  thin,  setosely  ciliate, 
not  coriaceous,  glabrous  above  except  sometimes  stipitate-glandular;  glabrous  or  stipitate-glandular  below: 
midrib  villous  above,  sparingly  strigillose  and  sometimes  pubescent  and/or  stipitate-glandular  beneath; 
petioles  sparingly  strigillose  or  stipitate-glandular.  Flowers  appearing  with  or  before  the  leaves  in  clusters  of 
4—10,  white,  usually  flushed  pink  or  purple  outside,  very  fragrant.  Corolla  funnel-form,  about  4  cm  dia,  with 
stipitate  glands  arranged  along  the  midveins  of  the  lobes,  glabrous  inside.  Pedicels  hirsute  or  glandular- 
hirsute.  Stamens  5,  twice  as  long  as  the  corolla  tube.  Calyx  lobes  broadly  ovate,  usually  glandular-ciliate,  2-4 
mm  long.  Capsule  ovoid-oblong,  glandular-setose,  1.5-2  cm  long,  n  =  13  (Li  1957).  April,  May.  Sandy  soil 
on  the  coastal  plain.  Characteristic  of  the  low  pine  lands  where  it  forms  extensive  colonies.  (Fig.  4). 

7.  Rhododendron  roseum  (Loisel.)  Rehder.  Election  Pink.  Early  Azalea.  Mountain  Azalea.  Roseshell  Azalea. 
Shrub  up  to  5  m  tall,  with  irregularly  whorled  branches.  Twigs  grayish-brown  to  light  brown,  finely  pubes¬ 
cent  and  sparingly  strigose.  Buds  grayish  pubescent.  Leaves  elliptic  or  obovate  to  obovate-oblong,  thin, 
ciliate,  not  coriaceous,  usually  eglandular  but  sometimes  with  stipitate  glands,  sparingly  pubescent  above, 
densely  grayish  villous  beneath;  midrib  pubescent  above  and  sparingly  strigillose  beneath;  petioles  soft- 


10 


The  Virginia  Journal  of  Science 


pubescent,  sparingly  strigose.  Flowers  in  clusters  of  5-9,  bright  pink  to  magenta,  expanding  with  the  leaves, 
with  clove  pink  fragrance.  Corolla  funnel-form,  4-5  cm  dia,  covered  with  thin  villous  tomentum  with 
stipitate  glands  distributed  generally,  pilose  inside.  Stamens  5,  twice  as  long  as  corolla  tube.  Pedicels  finely 
villous  and  glandular-setose.  Calyx  lobes  semiorbicular  to  ovate,  finely  pubescent,  glandular-ciliate,  rarely 
over  1  mm  long.  Capsule  oblong,  sparingly  puberulous  and  glandular-setose,  1.5-2  cm  long,  n  =  13  (Sax 
1930).  May.  Moist  or  dry  woods  in  the  western  mountainous  part  of  the  state.  (Fig.  4). 

8.  Rhododendron  caneseens  (Michx.)  Sweet.  Wild  Azalea.  Shrub  to  4  or  5  m  tall  with  irregularly  whorled  upright 
branches.  Twigs  yellow-brown,  finely  pubescent  and  sparingly  strigose.  Buds  densely  grayish  pubescent. 
Leaves  oblong-ovate  to  oblanceolate  or  oblong,  4-9  cm  long,  thin,  setosely  ciliate,  not  coriaceous,  sparingly 
pubescent  above,  densely  pubescent  or  grayish  tomentulose  beneath  particularly  on  the  veins  and  midrib; 
midrib  finely  villous  above,  densely  pubescent  and  sparingly  strigose  toward  the  base  beneath;  petioles  finely 
pubescent  and  sparingly  strigose.  Flowers  pink,  in  clusters  of  6-15,  expanding  with  or  before  the  leaves, 
slightly  fragrant.  Corolla  funnel-form,  about  4  cm  dia,  densely  and  finely  villous  and  stipitate-glandular, 
rarely  somewhat  pilose  outside,  pubescent  inside.  Stamens  5,  three  times  as  long  as  the  corolla  tube.  Pedicels 
densely  and  finely  pubescent,  stipitate-glandular.  Calyx  lobes  unequal,  semiorbicular  to  ovate,  ciliate  or 
glandular-ciliate,  scarcely  more  than  1  mm  long.  Capsule  cylindric-oblong,  pubescent,  sparingly  setose, 
eglandular,  1.5-2  cm  long,  n  =  13  (Li  1957).  April,  early  May.  Moist  woods  on  the  coastal  plain,  also  scat- 
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9.  Rhododendron  viscosum  (L.)  Torr.  Swamp  Honeysuckle.  Swamp  Azalea.  Shrub,  usually  much  branched,  1-3 
m  tall.  Twigs  yellowish-brown  or  grayish  brown,  hirsute  or  strigose.  Buds  with  pale  brown  glabrous  or 
pubescent  scales  with  no  dark  marginal  band.  Leaves  oblanceolate  to  obovate,  3-6  cm  long,  thin,  ciliate,  not 
coriaceous,  glabrous;  midrib  very  slightly  villous  above,  more  or  less  strigose  beneath;  petioles  strigillose. 
Flowers  white,  rarely  pink,  in  clusters  of  4-9,  appearing  after  the  leaves,  fragrant.  Corolla  funnel-form,  1-3.5 
cm  dia,  stipitate-glandular  and  minutely  pubescent  outside,  slightly  pubescent  inside  above  the  middle. 
Stamens  5,  about  twice  as  long  as  the  corolla  tube.  Calyx  lobes  semi-orbicular  to  ovate,  setosely  glandular- 
ciliate,  about  1  mm  long.  Pedicels  stipitate-glandular  and  minutely  pubescent.  Capsule  oblong-ovoid, 
glandular-setose  and  finely  pubescent,  or  sometimes  glandless,  1-3  cm  long,  n  =  13  (Li  1957).  June,  July.  Wet 
woods  and  swamps  scattered  throughout  the  state.  (Fig.  5). 

10.  Rhododendron  serrulatum  (Small)  Millais.  Tall  shrub  or  small  tree  up  to  7  m  tall.  Twigs  bright  red-brown, 
copiously  strigose  and  finely  villous.  Buds  with  pale  scales  with  conspicuous  dark  margin,  glabrous  or 
sometimes  grayish  pubescent.  Leaves  elliptic  to  obovate  or  obovate-oblong,  3-8  cm  long,  thin  serrulate- 
ciliate,  not  coriaceous,  glabrous  above  and  beneath;  midrib  sparingly  short-villous  above  and  strigose 
beneath;  petioles  strigose.  Flowers  white,  in  clusters  of  6-10,  appearing  after  the  leaves,  very  fragrant.  Corol¬ 
la  funnel-form,  2-3  cm  dia,  stipitate-glandular  and  minutely  pubescent  outside,  glabrous  inside.  Stamens  5, 
one  and  one-half  times  as  long  as  the  corolla  tube.  Calyx  lobes  semiorbicular  to  ovate,  glandular-ciliate, 
rarely  over  1  mm  long.  Pedicels  stipitate-glandular  and  minutely  pubescent.  Capsule  ovoid-oblong,  minutely 
villous  and  densely  glandular-setose,  n  =  13  (Li  1957).  June.  Wet  woods  on  the  coastal  plain  and  scattered 
occurrence  elsewhere.  (Fig.  6). 

11.  Rhododendron  arborescens  (Pursh)  Torr.  Smooth  Azalea.  Tall  shrub  or  small  tree  up  to  6  m  tall.  Twigs  yel¬ 
lowish  to  light  grayish-brown,  glabrous.  Buds  glabrous.  Leaves  oblanceolate,  3-8  cm  long,  thin,  ciliate,  not 
coriaceous,  glabrous,  midrib  sparingly  short  villous  above  and  sparingly  strigose  beneath;  petioles  glabrous. 
Flowers  white  to  pinkish,  in  clusters  of  3-6,  appearing  after  the  leaves,  very  fragrant.  Corolla  funnel-form, 
3-4.5  cm  dia,  sparingly  stipitate-glandular,  otherwise  glabrous  outside,  pubescent  inside  in  upper  two-thirds. 
Stamens  5,  twice  as  long  as  corolla  tube.  Calyx  lobes  ovate  to  linear-oblong,  glandular-ciliate,  3-6  mm  long. 
Pedicels  glandular-hirsute,  otherwise  glabrous.  Capsule  oblong-ovoid,  densely  glandular-hispid,  0.8- 1.7  cm 
long,  n  =  13  (Sax  1930).  June,  July.  Upland  woods,  especially  in  the  mountains.  (Fig.  6). 
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A  Computer  Simulation  Model  of  a 
Multispecies  Centrarchid  Population  Complex* 


Abstract — The  development  and  structure  of  STOCKS,  a  com¬ 
puter  simulation  model  of  a  multispecies  centrarchid  population 
complex,  is  discussed.  STOCKS  emphasizes  dynamic  interrela¬ 
tionships  among  three  game  fishes:  bluegill  (Lepomis  macrochirus ), 
largemouth  bass  (Micropterus  salmoides),  and  black  crappie  (Po- 
moxis  nigromaculatus).  Required  input  data  for  each  species 
are:  (1)  an  initial  population  estimate;  (2)  estimated  high,  medium, 
and  low  annual  recruitment  with  a  standard  deviation  for  each; 
(3)  annual  natural  mortality  rate;  and  (4)  annual  fishing  mor¬ 
tality  rate.  Simulator  output  is:  (1)  a  population  estimate  for  each 
species  each  year;  (2)  catch  of  each  species  for  each  year;  and  (3) 
mean  catch  of  each  species  for  all  years.  Analysis  of  a  large  number 
of  computer  runs  under  various  input  conditions  is  discussed. 
STOCKS  is  not  offered  as  the  solution  to  the  multispecies  manage¬ 
ment  problem,  but  rather  as  an  approach  to  better  understanding 
the  dynamics  of  centrarchid  population  complexes. 

Effectively  managing  multispecies  fish  population 
complexes  is  a  perpetual  enigma  in  fisheries  manage¬ 
ment.  Successfully  managing  a  single  species  is  diffi¬ 
cult  at  best,  but  managing  a  complex  with  two,  three, 
or  more  competing  populations  is  a  formidable,  if  not 
impossible,  task  (Lackey  1974).  To  enhance  under¬ 
standing  of  fisheries  and  thereby  increase  manage¬ 
ment  capabilities,  mathematical  models  have  been 
formulated  which  attempt  to  describe  how  popula¬ 
tions  function.  Some  of  these  models  have  become 
classical  tools  in  fisheries  management.  Unfor¬ 
tunately,  none  of  the  models  is  particularly  applicable 
in  multispecies  situations  which  are  characteristic  of 
nearly  all  freshwater  and  marine  fisheries.  The  clas¬ 
sical  models  best  apply  to  single  species  fisheries  as 
found  in  a  few  marine  commercial  situations.  For  ex¬ 
ample,  the  Ricker  (1954)  stock  recruitment  model  ap¬ 
plies  to  a  population  where  fish  spawn  once  and  die, 
as  with  the  Pacific  salmon. 

The  two  best  known  single  stock  models  are  the 
dynamic  pool  model  (Beverton  and  Holt  1957)  and 
the  logistic  model  (Schaefer  1954).  The  dynamic  pool 
model  describes  a  fish  population  in  terms  of  the  vital 
parameters  of  recruitment,  growth,  and  mortality. 

*  Contribution  No.  FIW  75-19,  Department  of  Fisheries  and 
Wildlife  Sciences,  Virginia  Polytechnic  Institute  and  State  Univer¬ 
sity,  Blacksburg,  Virginia  24061. 
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Implementing  this  model  requires  a  large  amount  of 
data  and  can  generally  be  successful  only  after  sub¬ 
stantial  information  has  been  collected  on  a  fish  pop¬ 
ulation.  The  logistic  model,  also  called  the  surplus- 
yield  model,  combines  the  effects  of  recruitment, 
growth,  and  natural  mortality  into  a  single-valued 
function  of  population  biomass.  The  logistic  model, 
usually  employed  when  information  on  a  fish  popula¬ 
tion  is  relatively  scanty,  requires  only  catch  and  effort 
data  for  a  series  of  years. 

Both  the  dynamic  pool  and  the  logistic  models 
have  been  applied,  with  some  success,  in  the  manage¬ 
ment  of  marine  commercial  fisheries.  The  dynamic 
pool  model  has  been  used  in  the  North  Sea  plaice 
fishery  and  provides  an  adequate  description  of  the 
fishery  (Gulland  1972).  The  logistic  model  has  been 
useful  in  managing  the  Eastern  Tropical  Pacific  yel- 
lowfin  tuna  fishery  (Schaefer  1957,  Gulland  1972). 
Neither,  however,  has  been  applied  with  much  suc¬ 
cess  in  freshwater  sport  fisheries.  Watt  (1959)  did  an 
extensive  study  of  the  smallmouth  bass  population  of 
South  Bay,  Lake  Huron.  He  applied  four  different 
population  models  to  the  fishery,  including  the 
logistic  and  dynamic  pool  models,  and  found  that  all 
models  were  deficient  in  one  or  more  respects.  He  at¬ 
tributed  the  weaknesses  of  the  models  to  lack  of  ade¬ 
quate  input  data.  He  had  “relatively  small  amounts 
of  information  collected  over  only  a  ten  year  period” 
(emphasis  added).  In  comparison  to  data  available  on 
most  freshwater  sport  fisheries,  Watt  had  an  abun¬ 
dance  of  information.  Watt’s  conclusion  illustrates 
one  of  the  main  problems  with  classical  population 
models:  to  be  accurate  predictive  tools  they  simply  re¬ 
quire  more  data  than  are  available  from  most  sport 
fisheries. 

An  additional  problem  with  all  commonly  used 
fisheries  models  is  the  deterministic  description  of 
stochastic  population  phenomena.  Models  that  in¬ 
corporate  stochastic  processes  may  provide  better 
descriptions  of  population  dynamics.  An  example  of 
deterministic  versus  stochastic  processes  should  il¬ 
lustrate  why  the  latter  is  to  be  preferred  for  sport 
fisheries.  A  deterministic  model  predicts  that  for  a 
given  value  of  the  independent  variable,  X,  we  can  ex¬ 
pect  the  dependent  variable  to  have  a  corresponding 
value,  Y.  A  stochastic  model  predicts  that  for  a  given 
value  of  X  we  can  expect  any  one  of  a  number  of  Y[ 
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values,  with  a  probability  of  Pi  attached  to  the  occur¬ 
rence  of  each  Y,  (Watt  1959).  The  stochastic  ap¬ 
proach  is  appropriate  where  a  steady  state  situation 
cannot  be  safely  assumed,  which  is  the  case  in  most 
fisheries. 

There  are  many  computer-implemented  stochastic 
fisheries  models  described  in  the  literature.  Royce  et 
al.  (1963)  developed  a  simulation  model  to  investigate 
economic  and  biological  consequences  of  various 
strategies  for  restricting  entry  of  gear  into  the  salmon 
net  fisheries.  Larkin  and  McDonald  (1968)  used  a 
computer  simulation  model  to  synthesize  the  main 
features  of  the  population  biology  of  sockeye  salmon 
of  the  Skeena  River.  Paulik  and  Greenough  (1966) 
used  computer  simulation  for  management  analysis 
of  a  salmon  resource  system.  Southward  (1966) 
developed  a  large-scale  simulation  model  to  study 
three  management  strategies  for  limiting  halibut 
catch  in  the  northeastern  Pacific.  Mathews  (1967) 
developed  a  simulation  model  to  determine  potential 
economic  benefits  to  the  canning  industry  of  varying 
degrees  of  forecast  reliability  of  the  size  of  sockeye 
salmon  runs  to  Bristol  Bay,  Alaska.  Pella  (1968) 
employed  Monte  Carlo  simulation  techniques  to 
study  the  effectiveness  of  mark-recapture  experiments 
for  estimating  population  parameters  of  tuna.  Riffen- 
burgh  (1969)  developed  a  stochastic  model  of  inter¬ 
population  dynamics  based  on  energy  flow  through 
an  ecological  system  composed  of  the  Pacific  sardine, 
the  northern  anchovy,  and  their  competitors, 
predators,  and  prey.  These  models  and  others  are  dis¬ 
cussed  in  more  detail  by  Paulik  (1969). 

Large-scale  models  of  marine  commercial  fisheries 
are  not  easily  applicable  to  a  freshwater  sport  fishery. 
Walters  (1969)  developed  a  general  computer  simula¬ 
tion  model  which  may  have  application  in  sport 
fisheries,  but  the  basic  model  structure  is  deter¬ 
ministic.  Also,  his  model  is  designed  to  describe  a 
single  species  population  and,  therefore,  its  predictive 
value  in  most  freshwater  fisheries  is  limited. 

The  purpose  of  this  paper  is  to  describe  a  stochastic 
population  dynamics  model  which  was  designed  to  be 
generally  applicable  to  multispecies  freshwater  sport 
fisheries.  The  model,  STOCKS,  is  not  offered  as  the 
panacea  for  multispecies  management,  but  rather  as  a 
methodological  approach  to  the  problem. 

The  Conceptual  Model 

STOCKS  is  based  on  a  three-species  freshwater 
centrarchid  population  complex.  Much  of  the  basis 
for  the  model  was  derived  from  10  years  of  creel 
census  data  from  Lake  Brittle,  Virginia.  Each  species 
is  considered  to  be  a  single  stock  (a  manageable  unit 
in  itself).  The  three  stocks  used  in  the  model  are  black 
crappie  (CR),  largemouth  bass  (LMB),  and  bluegill 
(BG)  (Fig.  1).  Total  size  of  the  combined  three  stocks 
(N)  is  represented  by  the  outer  line.  Crappie,  bass, 
and  bluegill  were  selected  for  modeling  because  of  the 
readily  available  data  on  the  population  dynamics  of 
these  species.  However,  any  three  game  fishes  that 
meet  the  requirements  of  the  model  could  have  been 
used.  The  model  in  Fig.  1  is  an  extension  of  the  unit 
stock  model  of  Ricker  (1958).  Recruitment  (R)  acts 
to  increase  the  total  number  of  recruited  fish  in  the 
fishery.  Total  annual  natural  mortality  rate  (D)  and 
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Fig.  1 — Conceptual  model  of  a  three-species  fishery  which  is  the 
basis  for  STOCKS. 


fishing  exploitation  rate  (E)  act  to  decrease  N.  En¬ 
vironmental  effects  (V)  either  increase  or  decrease  N, 
depending  on  whether  the  effects  are  favorable  or  un¬ 
favorable. 

Since  the  model  includes  three  stocks,  there  must 
be  a  mechanism  to  account  for  interspecific  competi¬ 
tion  and  predation.  Interspecific  competition  and 
predation  in  STOCKS  is  based  on  spawning  sequence 
and  is  predicated  on  the  theory  that  density-dependent 
factors  control  animal  populations  (Nicholson  1933, 
1954).  Thompson  (1941)  describes  a  situation  where  a 
large  year-class  of  crappie  dominated  the  abundance 
of  all  fishes  in  a  lake  for  the  duration  of  the  age  class. 
Swingle  (1950)  has  described  how  bass  and  bluegill 
interact  to  control  each  other.  Bass  and  bluegill, 
although  not  strong  competitors,  may  each  curtail 
the  population  of  the  other  (Bennett  1971).  An  as¬ 
sumption  in  STOCKS  is  that  the  population  which 
first  produces  a  strong  year-class  will  have  a  com¬ 
petitive  advantage  over  other  species.  Crappie  spawn 
first  (by  water  temperature),  largemouth  bass  second, 
and  bluegill  last  (Calhoun  1966).  There  is  some 
overlap  (i.e.,  crappie  are  still  spawning  when 
largemouth  bass  begin  spawning)  but  spawning  times 
are  distinct  enough  to  be  considered  discrete.  If  crap¬ 
pie  exhibit  high  spawning  success,  they  will  exert  a 
controlling  effect  over  the  spawning  success  of 
largemouth  bass  and  bluegill.  In  turn,  the  spawning 
success  of  largemouth  bass  affects  the  spawning  suc¬ 
cess  of  bluegill.  The  spawning  success  of  bluegill  does 
not  directly  affect  spawning  of  either  crappie  or 
largemouth  bass,  but  does  have  an  indirect  effect  in 
that  it  contributes  to  N,  which  affects  future  spawn¬ 
ing  success  of  all  three  stocks. 

Growth  in  biomass  per  individual  is  not  considered 
explicitly  in  STOCKS,  only  increase  in  numbers.  For 
a  simulator  with  general  application  it  is  more  prac¬ 
tical  to  deal  with  numbers  of  fish  rather  than  in¬ 
dividual  growth  rates.  Average  sizes  for  each  species 
vary  substantially  from  fishery  to  fishery  and  only  a 
few  realistic  situations  could  be  easily  incorporated 
into  a  simulator.  Rather,  the  user  should  consider  the 
model  to  be  operating  under  the  average  conditions 
of  a  particular  fishery  and  assume  that  the  results 
reflect  these  conditions.  For  example,  the  catch  of 
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bluegill  predicted  by  STOCKS  for  a  given  year 
should  be  considered  as  comprising  average  size 
bluegills  found  in  that  body  of  water  in  an  average 
year.  If  stunting  occurs,  STOCKS  provides  a  state¬ 
ment  to  this  effect  in  the  output.  In  practice,  stunting 
(extreme  overpopulation  as  shown  by  STOCKS)  is 
rare,  and  generally  happens  only  when  the  initial 
population  estimates  are  very  high. 


The  Computer  Simulator 

Program  Structure 

STOCKS  is  coded  in  FORTRAN  IV  on  an  IBM 
System  370.  A  fully  documented  program  listing  and 
user  guide  is  available  from  the  authors.  The  simula¬ 
tor  comprises  a  main  program  and  five  subroutines. 
The  main  program  serves  to  read  in  data,  call  various 
subroutines,  and  write  out  results.  The  program 
iterates  on  a  daily  basis  for  a  simulation  of  10  years. 

The  first  subroutine,  RC,  generates  recruitment  for 
each  stock.  Recruitments  are  generated  from  the  fol¬ 
lowing  functions: 

Rcr  =  f(N), 

Rimb=  f(N,  Rcr),  and 

Rbg  =  f(N,  Rcr,  R,mb). 

This  subroutine  incorporates  a  process  generator 
which  generates  values  for  recruitment  from  a  normal 
distribution.  The  process  generator  provides 
stochastic  rather  than  deterministic  recruitment 
values.  There  are  three  possible  recruitment  distribu¬ 
tions  for  each  stock:  high,  medium,  and  low.  The  user 
(manager)  must  provide  high,  medium,  and  low 
recruitment  values.  Interaction  between  stocks  in  the 
main  program  determines  from  which  distribution 
the  recruitment  will  be  generated  for  each  year.  The 
RC  subroutine  is  provided  with  the  mean  and  stan¬ 
dard  deviation  of  the  appropriate  distribution,  and 
from  this  it  generates  recruitment  within  three  stan¬ 
dard  deviations  of  the  mean.  For  example,  suppose  it 
is  determined  that  the  current  year  will  produce  a 
high  recruitment  of  crappie.  The  mean  for  the  high 
recruitment  value  and  corresponding  standard  devia¬ 
tion  that  were  read  in  as  input  data  are  sent  to  the  RC 
subroutine.  Suppose  these  values  are  30,000  and  5,000 
respectively.  The  RC  subroutine  will  generate  a 
recruitment  from  a  normal  distribution  with  mean 
30,000  and  standard  deviation  5,000,  within  the  limits 
of  three  standard  deviations.  A  value  for  recruitment 
will  be  generated  from  the  interval  15,000  to  45,000, 
and  68%  of  the  time  the  value  will  be  within  one  stan¬ 
dard  deviation  of  the  mean  (25,000-35,000). 

The  F  subroutine  estimates  the  number  of  fish  in 
each  stock  that  die  due  to  fishing  on  a  given  day,  us¬ 


ing  instantaneous  rates.  The  total  number  of  fish  of 
each  stock  alive  on  a  given  day  is  then  multiplied  by 
the  daily  fishing  mortality  rate  to  obtain  the  number 
of  fish  in  each  stock  that  died  due  to  fishing  on  that 
day.  These  values  are  returned  to  the  main  program 
where  they  are  subtracted  from  the  current  popula¬ 
tion  size. 

The  M  subroutine  estimates  the  number  of  fish  in 
each  stock  that  die  due  to  natural  mortality  on  a 
given  day  by  converting  annual  rates  to  daily  rates. 
The  number  of  fish  in  each  stock  alive  on  a  given  day 
is  multiplied  by  the  daily  rate  and  the  results  are  sub¬ 
tracted  from  the  current  values  of  each  stock. 

RANDU,  the  fourth  subroutine,  is  the  random 
number  generator.  It  generates  a  uniformly  dis¬ 
tributed  random  number  on  the  interval  (0.0,  1.0). 
RANDU  is  used  in  the  RC  subroutine  to  provide 
random  numbers  required  by  the  normal  process 
generator.  RANDU  is  also  used  in  the  main  program 
as  one  determinant  of  the  level  of  recruitment. 

TPLOT  is  the  final  subroutine  and  it  plots  catch  of 
each  stock  over  10  years  (three  separate  graphs).  The 
plot  routine  is  optional  and  must  be  requested. 

Input  Data  Required 

The  type  of  input  data  selected  was  in  part  deter¬ 
mined  by  what  could  be  realistically  expected  from  a 
reasonably  well-studied  fishery.  Detailed  instructions 
describing  input  data  requirements  are  given  in  the 
program  listing  available  from  the  authors. 

The  user  is  required  to  enter  a  5-digit,  odd,  random 
number.  This  number  sets  the  random  number 
generator  which  then  generates  all  the  random 
numbers  called  for  in  the  program.  More 
sophisticated  means  could  be  used  to  seed  RANDU 
(e.g.,  calling  the  number  from  the  computer  system 
clock),  but  giving  the  user  control  over  the  initial  ran¬ 
dom  number  has  a  distinct  advantage.  When  the  user 
wishes  to  experiment  with  the  simulator,  he  can  make 
various  runs  by  adjusting  different  system 
parameters,  while  holding  the  random  number  cons¬ 
tant.  The  whole  series  of  random  numbers  generated 
in  the  simulator  will  remain  the  same  and  changes  in 
output  can  be  attributed  to  the  specific  variables  that 
were  manipulated. 

An  initial  population  estimate  of  each  stock  pres¬ 
ent  at  the  end  of  the  last  angling  season  must  be 
provided  because  simulation  begins  by  adding 
recruitment  for  the  first  year  to  the  initial  population 
estimate. 

The  user  must  also  provide  high,  medium,  and  low 
estimates  of  the  mean  annual  recruitment  for  each 
stock,  with  a  standard  deviation  for  each.  A  simple 
way  of  determining  the  approximate  standard  devia- 


TABLE  1 

Results  of  testing  STOCKS  with  selected  initial  random  numbers  (table  values  are  estimated  10-year  average  catch  oj  each  stock ) 


Random  Number 


Stock  12693  15973  45239  78965  53261  99999 


Bluegill  7,423  8,182  7,729  6,622  7,259  6,161 

Largemouth  Bass  176  150  188  121  205  94 

Crappie  11,046  10,425  10,958  12,101  9,699  11,814 
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table  2 

Results  of  testing  STOCKS  with  high,  medium,  and  low  initial 
population  estimates 


Stock 

Initial  Population 
Estimate 

10- Year  Average 
Catch 

Bluegill 

10,000 

15,230 

50,000 

17,224 

80,000 

16,981 

Bass 

100 

204 

750 

275 

2,000 

251 

Crappie 

5,000 

11,314 

40,000 

11,161 

70,000 

12,524 

tion  is  to  estimate  the  range  of  the  distribution  in 
which  95%  of  the  possible  values  is  included.  This 
range  is  approximately  four  standard  deviations  and 
one-fourth  of  this  range  equals  one  standard  devia¬ 
tion.  For  example,  suppose  mean  annual  high  recruit¬ 
ment  of  bluegill  in  a  particular  fishery  is  estimated  to 
be  50,000  fish.  The  extremes  are  grossly  estimated  to 
be  30,000  and  70,000.  Thus,  the  range  is  40,000  with 
an  approximate  standard  deviation  of  10,000.  The 
user  enters  50,000  for  the  mean  high  recruitment  and 
10,000  for  the  high  recruitment  standard  deviation. 
The  same  procedure  is  followed  for  the  high, 
medium,  and  low  recruitment  values  for  all  three 
stocks. 

The  proportion  of  each  stock  that  will  be  removed 
each  year  due  to  natural  mortality  must  also  be  esti¬ 
mated.  If  it  is  estimated  that  40%  of  the  crappie  stock 
will  die  due  to  natural  mortality  each  year,  then  .40  is 
entered  on  the  data  card.  The  estimates  of  annual 
fishing  mortality,  E,  for  each  stock  are  determined  in 
the  same  manner.  If  E  for  bluegill  is  25%  then  .25  is 
entered  on  the  data  card. 


Analysis  of  Simulator  Runs 
Numerous  simulation  runs  were  made  with 
STOCKS  during  its  development  and  after  its  com¬ 
pletion.  The  simulator  was  tested  at  the  extremes, 
such  as  using  zero  population  estimates,  and  at  ex¬ 
traordinarily  high  population  estimates.  It  was  also 
tested  with  various  combinations  of  recruitment  and 
mortality  estimates.  Simulation  runs  were  also  ex¬ 
tended  to  100  years  to  determine  performance  over 
an  extended  time  frame.  STOCKS  performed  accep¬ 
tably;  i.e.,  it  delivered  output  values  that  appeared 
realistic  as  compared  to  Lake  Brittle  data.  STOCKS 


was  also  tested  for  sensitivity  to  variations  in  input 
parameters. 

Sensitivity  Analysis 

Six  different  initial  random  numbers  were  tested 
while  holding  other  system  components  constant. 
The  model  was  relatively  insensitive  to  different  ran¬ 
dom  numbers  as  ascertained  by  comparisons  of  the 
10-year  average  catch  of  each  stock  (Table  1).  The 
variation  in  catch  due  to  the  random  number  is 
roughly  similar  to  actual  catches  from  Lake  Brittle. 

Three  initial  population  estimates  were  tested  to 
determine  how  their  magnitude  affected  average 
catches  (Table  2).  Initial  population  estimates  had  lit¬ 
tle  effect  on  the  overall  average  catch.  This  is  a  highly 
desirable  property  because  it  affords  the  user  a  large 
margin  for  error  in  making  initial  population  es¬ 
timates. 

The  level  of  the  recruitment  estimates  has  a  more 
profound  effect  on  average  catch  than  does  the  ran¬ 
dom  number  or  the  initial  population  estimate. 
Recruitment  estimates  and  average  catch  appear  to 
vary  in  direct  proportion;  that  is,  a  10%  decrease  in 
recruitment  decreases  average  catch  approximately 
10%,  while  a  10%  increase  in  the  recruitment  in¬ 
creases  average  catch  approximately  10%.  Standard 
deviations  must  be  adjusted  in  proportion  to  the  ad¬ 
justment  in  the  recruitment  estimate  if  the  propor¬ 
tional  relationship  is  to  hold  for  all  cases.  Based  on 
these  results,  the  user  should  attempt  to  provide  the 
best  possible  estimate  of  recruitment. 

The  model  was  tested  for  reaction  to  simulated 
changes  in  fishing  mortality  by  varying  fishing  mor¬ 
tality  of  one  stock  from  a  very  low  to  a  very  high 
value  while  holding  the  parameters  of  the  other  two 
stocks  constant.  Bluegill  exploitation  was  varied  from 
.10  to  .70  while  holding  largemouth  bass  exploitation 
at  .25  and  crappie  exploitation  at  .10  (Table  3). 
Largemouth  bass  exploitation  was  varied  from  .10 
to  .75  while  holding  bluegill  exploitation  at  .30  and 
crappie  exploitation  at  .10  (Table  4).  Crappie  ex¬ 
ploitation  was  varied  from  .10  to  .70  while  hold¬ 
ing  bluegill  exploitation  at  .30  and  largemouth 
bass  exploitation  at  .25  (Table  5).  In  every  case  catch 
increased  until  E  ■■  .50  and  then  declined.  This 
response  is  not  unexpected  because  one  of  the  as¬ 
sumptions  of  the  model  is  the  parabolic  relationship 
of  yield  on  fishing  effort  as  exemplified  in  the  logistic 
model  (Royce  1972).  If  some  other  assumptions  were 
warranted,  STOCKS  could  be  modified  to  reflect 
another  relationship.  The  model  was  tested  to  deter¬ 
mine  the  effect  of  simulated  fishing  of  all  three  stocks 
at  E  =  .50.  The  result  was  a  higher  yield  of  each  stock 


TABLE  3 

Results  ( expressed  as  catch )  of  testing  STOCKS  by  varying  bluegill  exploitation  rate  from  .10  to  .70  (other  parameters  constant  with  E  =  .25 
for  largemouth  bass  and  E  =  .10  for  crappie).  Each  column  represents  a  10-year  simulation  at  a  particular  E  level 

Exploitation  Rate  for  Bluegill 

Stock  .10  .20  .30  .40  .50  .60  .70 


Bluegill  7,423  13,495  17,224  19,933  24,180  18,438  19,534 

Largemouth  Bass  242  245  275  291  286  459  459 

Crappie  11,046  11,161  11,161  11,493  12,616  11,099  11,099 
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TABLE  4 

Results  ( expressed  as  catch)  of  testing  STOCKS  by  varying  largemouth  bass  exploitation  rate  from  .10  to  .75  (other  parameters  constant 
with  E  =  .30  for  bluegill  and  E  =  .10  for  crappie).  Each  column  represents  a  10-year  simulation  at  a  particular  E  level 


Exploitation  Rate  for  Largemouth  Bass 

Stock 

.10 

.25 

.30 

.40 

.50 

.60 

.75 

Bluegill 

17.224 

17,224 

17,224 

17,224 

17,224 

26,228 

26,228 

Largemouth  Bass 

145 

275 

305 

353 

390 

108 

116 

Crappie 

11,161 

11,161 

11,161 

11,161 

11,161 

10,514 

10,514 

as  compared  to  any  other  combination  of  exploita¬ 
tion  rates  tested. 

Natural  mortality  was  not  tested  for  two  reasons. 
First,  it  operates  in  the  same  mode  as  fishing  mor¬ 
tality  in  the  simulator  and  will  cause  similar  trends  in 
catches.  Secondly,  in  most  management  situations, 
natural  mortality  is  only  slightly  under  the  control  of 
the  fisheries  manager.  Therefore,  to  vary  it  in  simula¬ 
tion  would  not  be  very  realistic.  The  best  estimate  of 
natural  mortality  for  each  stock  should  be  obtained 
and  then  held  constant;  E,  which  is  under  control  of 
the  manager,  can  be  varied. 


Validation 

One  approach  to  validation  is  to  assume  that  a 
model  is  valid  if,  despite  its  inexactness  in 
representing  the  system,  it  can  give  a  reliable  predic¬ 
tion  of  the  system’s  performance  (Taha  1971).  In 
freshwater  sport  fisheries  it  is  probably  currently  im¬ 
possible  to  validate  a  model  according  to  this  defini¬ 
tion  because  adequate  data  are  lacking.  Data  that  are 
available  are  generally  used  in  developing  the  model 
and  thus  cannot  be  used  to  validate  it.  In  the  case  of 
STOCKS,  the  model  was  based  on  10  years  of  creel 
census  data  from  Lake  Brittle  and  thus  cannot  be 
validated  by  using  the  same  Lake  Brittle  data. 

Although  the  model  cannot  be  validated,  its  per¬ 
formance  in  relation  to  the  Lake  Brittle  system  can  be 
examined  (Figs.  2,  3,  and  4).  Closer  correlation 
between  the  real  and  model  catches  could  be  obtained 
by  varying  the  combinations  of  input  parameters,  but 
such  an  effort  would  not  validate  the  model. 


Discussion 

The  key  results  from  the  analysis  of  many  runs  of 
STOCKS  are:  (1)  the  proportional  relationship  of 
recruitment  and  catch  in  the  model;  (2)  the  effect  of 
varying  exploitation  of  one  stock  on  the  catch  of  the 
other  stocks;  (3)  an  indication  of  the  expolitation 


level  which  produces  the  maximum  sustainable  yield; 
and  (4)  the  graphical  analysis  showing  that  STOCKS 
may  possibly  mimic  a  multispecies  population  com¬ 
plex. 

The  average  catch  of  a  stock  was  found  to  be  about 
proportional  to  the  recruitment  values  specified  for 
that  stock  as  input  data.  This  relationship  may  prove 
useful  for  discovering  what  the  average  recruitment 
levels  really  are  since  it  is  difficult  to  get  accurate 
population  estimates,  much  less  good  estimates  of 
recruitment  in  most  fisheries.  Perhaps  through  use  of 
the  proportional  recruitment  relationship  we  can  ad¬ 
dress  the  problem  in  a  different  manner.  For  exam¬ 
ple,  the  manager  designs  a  strategy  to  obtain  good  es¬ 
timates  of  natural  and  fishing  mortality  for  each 
stock.  He  then  uses  these  estimates  in  the  simulator 
along  with  his  best  intuitive  estimates  for  recruitment 
and  initial  population  levels.  He  runs  the  simulation 
to  estimate  average  catches  for  each  stock  and  then 
compares  these  to  average  catches  on  the  fishery.  If 
the  simulated  catches  are  low  compared  to  actual 
catches,  he  would  increase  input  recruitment  values 
and  rerun  the  simulator.  He  would  continue  iterating 
until  the  simulated  catch  approximated  the  real  catch 
level.  He  should  finally  arrive  at  a  reasonable  approx¬ 
imation  to  the  recruitment  values.  Once  he  has 
recruitment  values,  he  can  then  begin  to  experiment 
with  the  simulator  by  varying  exploitation. 

The  response  of  STOCKS  to  varying  exploitation 
rate  for  one  stock  while  holding  the  others  constant 
appears  to  verify  interaction  effects.  When  a  stock 
was  increasingly  exploited,  the  average  catch  of  that 
stock  increased  until  the  level  of  overexploitation  was 
reached,  and  then  the  catch  took  a  drastic  decline 
(Tables  3,  4,  and  5).  Concurrently,  the  catches  of  the 
other  two  stocks  were  not  significantly  affected  until 
the  stock  which  was  being  increasingly  exploited 
reached  an  overexploitation  level.  Catches  from  one 
of  the  two  other  stocks  would  increase  sharply  and 
act  to  exert  control  over  the  third  stock.  This  can  be 
seen  by  following  the  exploitation  sequences  through 
the  tables. 


TABLE  5 

Results  ( expressed  as  catch )  of  testing  STOCKS  by  varying  crappie  exploitation  rate  from  .10  to  .70  (other  parameters  constant  with  E  =  .30 
for  bluegill  and  E  =  .25  for  largemouth  bass).  Each  column  represents  a  10-year  simulation  at  a  particular  E  level 


Exploitation  Rate  for  Crappie 

Stock 

.10 

.20 

.30 

.40 

.50 

.60 

.70 

Bluegill 

17,224 

18,722 

19,356 

18,466 

19,979 

18,671 

18,671 

Largemouth  Bass 

275 

302 

327 

285 

279 

674 

674 

Crappie 

11,161 

21,645 

26,658 

32,699 

36,457 

16,052 

17,301 
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Fig.  2 — Plot  of  STOCKS-generated  crappie  catches  vs.  Lake 
Brittle  crappie  catches. 

A  key  question  in  fisheries  management  is  how  to 
optimize  output  (however  it  is  to  be  defined)  from 
each  stock  at  the  level  of  maximum  sustainable  yield. 
If  we  assume  that  all  fish  in  the  creel  are  approx¬ 
imately  equally  desirable,  then  all  stocks  should  be 
exploited  at  E  =  .50.  But,  in  reality,  would  this 
strategy  work?  Perhaps  if  all  three  stocks  were  fished 
at  this  level,  predation  on  and/or  competition  with 
bluegill,  for  example,  would  be  reduced  to  a  low  level. 
In  this  situation  the  bluegill  stock  may  increase 
tremendously,  causing  stunting  and  thereby  decreas¬ 
ing  yield  in  the  long  run.  Perhaps  a  better  strategy 
would  be  to  fish  one  of  the  highly  reproductive  stocks 
for  maximum  sustainable  yield  and  fish  the  other 
stocks  at  some  lower  level.  Or,  perhaps  none  of  the 
stocks  should  be  fished  at  maximum  sustainable  yield 
but  at  some  intermediate  level  which  would  result  in 
the  highest  total  yield.  STOCKS  indicates  that  the  in¬ 
tuitive  answer  may  apply  in  this  case. 


Fig.  3 — Plot  of  STOCKS-generated  largemouth  bass  catches 
vs.  Lake  Brittle  largemouth  bass  catches. 


Fig.  4 — Plot  of  STOCKS-generated  bluegill  catches  vs.  Lake 
Brittle  bluegill  catches. 

Simulations  were  based  on  the  aforementioned 
strategies  and  showed  that  fishing  all  three  stocks 
simultaneously  at  the  maximum  sustainable  yield 
provides  the  maximum  yield  of  each  over  the  long 
run.  This  is  not  surprising,  considering  the  reproduc¬ 
tive  potentials  of  the  species  and  the  fact  that  most  of 
the  catch  is  represented  by  one  year-class.  Larkin 
(1963),  using  the  Lotka-Volterra  equations  (Lotka 
1932,  Volterra  1931)  to  explore  competitive  interac¬ 
tions  between  two  species,  also  found  that  the  yield  of 
either  species  is  greater  in  any  set  of  conditions  when 
its  competitor  is  also  harvested. 

Validation  of  a  computer  simulation  model  is  im¬ 
portant  in  any  discipline.  Any  model  can  be  made  to 
deliver  the  desired  results  by  appropriate  manipula¬ 
tions  of  its  parameters.  Although  we  can  show 
graphically  that  a  model  may  mimic  the  real  system, 
the  key  question  is  not  merely  whether  the  output 
from  the  model  looks  good  but  whether  it  meets  the 
management  objectives  of  allowing  a  choice  among 
various  relevant  decisions  or  identifying  weaknesses 
in  existing  knowledge. 

Currently  STOCKS  can  only  be  used  to  simulate 
three  relatively  discrete  stocks.  This  of  course  limits 
the  complexity  of  the  fishery  to  which  STOCKS 
would  be  applicable.  If  the  fishery  is  so  complex  that 
there  are  perhaps  two  discrete  stocks  of  largemouth 
bass,  for  example,  the  simulator  must  be  modified. 
The  simulator  can,  however,  be  used  for  a  one-  or 
two-stock  system  by  simply  entering  zero  values  for 
the  input  parameters  of  the  other  stock  or  stocks. 
The  other  significant  limitation  is  the  restriction  of 
the  simulator  to  a  discrete  spawning  sequence,  or  a 
sequence  that  overlaps  to  such  a  minor  degree  that  it 
can  be  considered  discrete.  Modifications  to  account 
for  this  should  not  be  difficult  if  the  overlap  is 
reasonably  well  understood. 

STOCKS  is  not  presented  as  the  solution  to  the 
multispecies  management  problem,  but  rather  as  a 
foundation  on  which  to  build.  It  demonstrates  one 
approach  to  the  multispecies  problem,  a  problem  that 
cannot  easily  be  solved  (if  it  can  be  solved  at  all)  with 
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a  system  of  deterministic  equations.  STOCKS  cur¬ 
rently  simulates  a  small  sport  fishery  population  com¬ 
plex,  but  this  application  can  be  expanded  and 
refined  as  better  data  on  population  dynamics  are 
collected.  STOCKS  provides  a  way  to  put  new  data 
to  immediate  use  and  in  the  process  should  help  to 
guide  efforts  to  collect  further  appropriate  data. 

STOCKS  and  similar  simulators  provide  a 
heuristic  device  by  which  the  fisheries  manager  may 
gain  insight  into  the  workings  of  a  fishery.  By 
manipulating  input  parameters  he  can  observe  how 
populations  may  respond  and  perhaps  test  a  “best” 
simulator  strategy  in  the  real  world  and  evaluate  if 
populations  respond  as  the  simulator  predicted.  The 
heuristic  value  to  the  fisheries  manager  is  limited  only 
by  his  imagination. 

Finally,  STOCKS  may  be  used  in  training  students 
to  be  fisheries  managers.  STOCKS  can  easily  be 
developed  into  a  teaching  game  such  as  TROUT 
(Titlow  and  Lackey  1973)  or  DAM  (Titlow  and 
Lackey  1974).  Thus,  the  problem  of  multispecies 
management  can  be  brought  into  the  classroom 
where  future  managers  may  get  some  idea  of  the  com¬ 
plexities  involved  in  managing  fisheries  resources. 
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Eutrophic  Gradient  in 
Smith  Mountain  Lake,  Virginia 


Abstract — Smith  Mountain  Lake  is  the  storage  reservoir  of  the 
Smith  Mountain-Leesville  Pumped-Storage  Hydroelectric  Project 
located  on  the  Roanoke  and  Blackwater  Rivers,  near  Roanoke, 
Virginia.  Due  to  the  continuous  introduction  of  municipal  in¬ 
dustrial  effluents  into  the  Roanoke  River  as  it  passes  through  the 
Roanoke  Metropolitan  Area,  the  headwaters  of  the  Roanoke 
River  Arm  of  the  lake  have  become  eutrophic.  Employing  the  stan¬ 
dard  techniques  for  measuring  primary  production  rates, 
chlorophyll-a  concentrations,  transparency  and  light  penetration, 
and  percent  saturation  of  dissolved  oxygen,  it  was  confirmed  that 
the  headwaters  of  the  Roanoke  River  Arm  do  exhibit  symptoms  of 
eutrophy,  and  that  there  was  a  demonstrable  gradient  from 
eutrophic  to  mesotrophic  conditions  from  the  lake  headwaters 
toward  the  Smith  Mountain  Dam. 


Introduction 

Lakes  and  reservoirs  are  not  permanent  features  of 
the  landscape,  for  through  the  process  of  natural  ag¬ 
ing  impounded  bodies  of  water  are  ultimately 
destined  to  fill  with  organic  and  inorganic  sediments 
and  to  become  extinct  (Hutchinson  1957,  Sawyer 
1966).  Natural  aging  of  lakes  and  reservoirs  can  be 
materially  hastened  by'  the  introduction  of  nutrient 
enriched  discharges  from  the  watershed,  the  resulting 
changes  in  the  rate  of  aging  being  commonly  referred 
to  as  artificial  or  cultural  eutrophication  (Hasler 
1947). 

Although  cultural  eutrophication  has  been  often 
defined,  Bartsch  (1970)  quoted  the  following  “work¬ 
ing  definition”  agreed  upon  by  the  Eutrophication 
Group  of  the  Organization  for  Economic  Coopera¬ 
tion  and  Development:  “Eutrophication  is  the 
nutrient  enrichment  of  waters,  which  frequently 
results  in  an  array  of  symptomatic  changes,  among 
which  increased  production  of  algae  and  other 
aquatic  plants,  deterioration  of  fisheries,  deteriora- 
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tion  of  water  quality,  and  other  responses,  are  found 
objectionable  and  impair  water  use.” 

Description  of  the  Study  Area 

Smith  Mountain  Lake  is  the  storage  reservoir  of 
the  Smith  Mountain-Leesville  Pumped-Storage 
Hydroelectric  Development  located  southeast  of 
Roanoke,  Virginia.  The  Smith  Mountain  Dam  im¬ 
pounds  the  water  of  the  Roanoke  and  Blackwater 
Rivers  to  form  a  lake  of  approximately  20,000  acres. 
The  dam  was  completed  in  1964,  and  minimum  pool 
height  in  the  reservoir  was  reached  in  1965. 

In  a  limnological  study  of  Smith  Mountain  Lake, 
Simmons  and  Neff  (1969)  indicated  that  the  lake  was 
showing  signs  of  eutrophy  in  the  upper  reaches  of  the 
Roanoke  River  Arm  in  1966  and  1967  as  evidenced 
by  high  carbon  assimilation  rates  and  severe 
hypolimnetic  oxygen  depletion  in  early  spring  and 
summer.  Jennings  et  al.  (1970)  presented  evidence  on 
fish  mortalities,  nutrient  enrichment,  algal  cell 
numbers,  chlorophyll-a  determinations  and  dissolved 
oxygen  saturation  levels,  and  concluded  that  the 
Roanoke  Arm  of  the  lake  was  definitely  tending 
toward  eutrophy.  Both  studies  attributed  the  condi¬ 
tion  of  the  Roanoke  River  Arm  of  the  lake  to  the  in¬ 
flux  of  municipal-industrial  wastes  from  the  Roanoke 
Metropolitan  Area. 

The  Roanoke  River  Arm  is  about  30  miles  long, 
and  the  major  municipal-industrial  discharges  are 
into  the  Roanoke  River  about  20  miles  upstream 
from  the  lake  headwaters.  Because  the  river  probably 
acts  as  a  “point-source”  discharge  in  terms  of  waste 
loading  into  the  lake  headwaters,  the  possible  ex¬ 
istence  of  a  definable  gradient  of  eutrophy  was 
hypothesized  and  investigated  in  this  study. 

Methods 

Nine  stations  were  established  on  Smith  Mountain 
Lake:  five  on  the  Roanoke  River  Arm  (Stations  5  to 
9),  one  on  the  Blackwater  Arm  (Station  4),  one  at  the 
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Fig.  1 — Map  of  the  Smith  Mountain-Leesville  Pumped  Storage  Reservoir  Project.  Numbers  in  parentheses  show  approximate  river  miles 
downstream  from  Roanoke,  Virginia. 


confluence  of  the  Roanoke  and  Blackwater  (Station 
3),  and  two  (Stations  1  and  2)  between  the  confluence 
and  the  Smith  Mountain  Dam  (Figure  1).  The  sta¬ 
tions  were  positioned  such  that  the  “eutrophication 
gradient”  presumed  to  occur  in  the  Roanoke  River 
Arm  (Stations  5  to  9)  could  be  delineated  and  com¬ 
pared  with  the  reference  stations  (1  to  4).  Each  sta¬ 
tion  was  visited  6  to  12  times  between  July  1971  and 
July  1972.  During  each  visit  the  following  lim¬ 
nological  parameters  were  measured:  primary 
production  rates,  chlorophyll-a  concentrations, 
temperature,  dissolved  oxygen,  pH,  total  alkalinity, 
transparency  and  light  penetration. 

Vertical  water  temperature  profiles  were  measured 
at  1  m  intervals  with  a  dissolved  oxygen-temperature 
meter  (YSI  Model  No.  5525).  Lake  transparency  was 
measured  with  a  standard  Secchi  disc,  and  depth  of 
1%  light  penetration  with  a  submarine  photometer 
(G.  M.  Mfg.  and  Instrument  Co.). 

Water  samples  at  nine  depths  (Surface  to  8  m)  for 
determination  of  chlorophyll-a  concentration,  total 
alkalinity,  pH,  and  dissolved  oxygen  were  collected 
using  a  Jobsco  Water  Puppy  (Horizon  Ecology  Com¬ 
pany)  and  a  length  of  plastic  pipe.  All  samples,  with 


the  exception  of  those  for  dissolved  oxygen  which 
were  fixed  immediately  for  Winkler  (Azide  modifi¬ 
cation)  determinations,  were  placed  on  ice  for  return 
to  the  laboratory.  All  laboratory  analytical 
procedures  were  conducted  according  to  A  PH  A 
(1971). 

Rates  of  primary  production  (carbon  assimilation) 
were  estimated  using  modifications  of  the  methods 
outlined  by  Vollenweider  (1971).  Water  was  pumped 
from  the  desired  depth  into  a  blackened  500  ml  flask. 
The  same  was  carefully  mixed,  then  divided  into 
paired  125  ml  BOD  bottles  (one  clear  and  one 
painted  silver  on  black)  each  containing  l^uCi  of 
NaHuC03.  The  bottles  were  returned  to  the  depths 
(Surface  to  8  m)  from  which  they  were  collected  by 
means  of  a  vertical  suspension  device  of  our  own 
design  composed  of  individual  bottle  holders  con¬ 
structed  from  4.5"  (OD)  plastic  sewer  pipe  couplings 
and  steel  springs,  chained  together  in  series  (Figure 
2).  After  a  four  hour  incubation  period,  the  string  of 
samples  was  retrieved  and  immediately  placed  on  ice 
in  a  light-proof  box  for  return  to  the  laboratory.  In 
order  to  ensure  the  measurement  of  near  maximum 
rates  of  production,  the  l4C  incubation  periods  were 
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Fig.  2— 14C  bottle  suspension  unit  with  light  and  dark  bottles  in 
place. 


restricted  to  the  interval  between  0900  and  1500 
hours.  Due  to  the  distances  involved  (Stations  1  and  9 
were  about  30  miles  apart),  the  stations  were  visited 
in  groups  of  three  on  the  sampling  dates.  As  far  as 
possible,  all  nine  stations  were  visited  within  a  seven 
day  period. 

In  the  laboratory,  samples  were  filtered  through 
0.45  n  millipore  filters  within  7  hours  of  the  end  of  the 
incubation  period.  Filters  were  air  dried  and  placed 
in  vials  containing  20  ml  of  Aquasol  (New  England 
Nuclear  Company)  for  counting  by  liquid  scintillation 
spectroscopy  (Packard  Tricarb  Scintillation 
Spectrometer,  Model  3310).  Using  the  obtained 
counts  and  estimated  total  available  carbon  based  on 
pH,  alkalinity  and  temperature  from  the  tables  of 
Saunders,  Trama,  and  Bachman  (1962),  carbon  as¬ 
similation  rates  (primary  productivity)  were  es¬ 
timated  according  to  the  formulae  of  Vollenweider 
(1971). 


Results 

Seasonal  Profiles  of  Primary  Production  and  Atten¬ 
dant  Parameters 

Although  carbon  14  assimilation  rates  and  atten¬ 
dant  parameters  (chlorophyll-a,  dissolved  oxygen 
saturation,  lake  transparency  and  light  penetration) 
were  measured  at  all  nine  stations  6  or  7  times  during 
the  study  year,  data  from  four  months  (October, 
January,  May  and  July)  were  chosen  for  presentation 
here  to  illustrate  seasonal  conditions  in  the  system. 
The  results  are  presented  synoptically  according  to 
season. 

Fall  (October  1971) — Figure  3  shows  that  fall  cool¬ 
ing  had  begun  in  October  and  thermal  stratification 
was  being  disrupted  throughout  much  of  the  lake  due 
to  cooling  air  temperatures  and  wind  action. 
However,  waters  at  the  far  upstream  stations  (8  and 
9)  retained  rather  strong  thermal  stratification. 

Rates  of  primary  production  at  all  depths  at  Sta¬ 
tions  1  to  3  were  less  than  10  mg/m3/hr  and 
chlorophyll-a  concentrations  did  not  exceed  10 
mg/m3  (Figure  4).  The  rate  of  primary  production  at 
Station  4  was  somewhat  lower  than  at  Stations  1  to  3, 
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Fig.  3 — Thermal  profiles  in  Smith  Mountain  Lake  during  study 
period:  (A)  Station  2;  (B)  Station  4;  (C)  Station  5;  (D)  Station  9. 
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Fig.  4 — Vertical  carbon  assimilation  rates  and  chlorophyll-a 
concentration  profiles  during  October  1971.  Note  the  differences  in 
scale  on  the  x-axes. 
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as  was  chlorophyll-a  concentration.  In  the  Roanoke 
River  Arm,  rates  of  primary  production  and 
chlorophyll-a  concentrations  increased  in  a  upstream 
direction  and  the  shapes  of  the  vertical  profiles  of  the 
two  measurements  changed  markedly.  Slight  surface 
inhibition  was  apparent  at  Stations  1  to  5,  became 
more  intense  at  Stations  6  and  7,  but  was  completely 
absent  at  Stations  8  and  9.  Peak  rates  of  primary 
production  were  up  to  13  times  greater  at  the  up¬ 
stream  stations  than  at  the  reference  stations. 

Percent  saturation  of  dissolved  oxygen  in  the  sur¬ 
face  waters  of  Stations  1,  2,  3,  7  and  8  approached 
100%  but  was  about  130%  at  the  surface  at  Station  9 
(Figure  5).  In  addition.  Figure  5  shows  that  Secchi 
disc  transparency  and  compensation  point  (depth  of 
1%  light  penetration)  tended  to  decrease  in  depth  in 
an  upstream  direction.  By  comparing  Figures  4  and 
5,  it  can  be  seen,  at  most  stations,  that  the  decline  in 
depth  of  primary  productivity  coincided  closely  with 
the  compensation  point  measured  on  the  basis  of 
light  penetration. 

Winter  (January  1972) — Figure  3  shows  that  the 
lake  was  homeothermous  at  7°C  and  was  in  complete 
circulation  during  January.  Photosynthetic  activity 
was  substantially  reduced  throughout  the  lake,  and 
the  chlorophyll-a  concentrations  indicated  smaller 
algal  biomass  than  was  present  during  October  (Fig¬ 
ure  6). 

Oxygen  content  was  near  saturation  at  Stations  1 
to  4,  whereas  at  Stations  5  to  9  it  was  between  60  and 
90%  saturation  (Figure  7).  With  complete  mixing  in 
the  lake,  oxygen  should  have  been  near  saturation 
throughout  the  lake,  at  least  in  the  top  8  m.  The 
topography  of  the  area  was  probably  a  contributing 
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Fig.  6 — Vertical  carbon  assimilation  rates  and  chlorophyll-a 
concentration  profiles  during  January  1972.  Note  the  differences  in 
scale  on  the  x-axes. 
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Fig.  7 — Percent  saturation,  Secchi  disc  and  1%  light  penetration 
profiles  during  January  1972.  See  Fig.  5  for  symbols. 
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factor  to  the  sub-saturation  of  dissolved  oxygen  in 
the  Roanoke  River  Arm.  Much  of  the  Roanoke 
River  Arm  lies  in  the  gorge  cut  by  the  original  stream 
channel  and  hence  the  lake  is  somewhat  protected 
from  wind  action  by  the  surrounding  mountainous 
terrain.  Although  the  Roanoke  Arm  was  homeo- 
thermous,  the  mixing  rate  of  the  water  may  have 
been  markedly  less  than  that  in  the  lake  proper. 

Spring  (May  1972) — In  May,  spring  warming  had 
occurred  and  relatively  weak  stratification  was  evi¬ 
dent  throughout  the  lake  (Figure  3).  Primary  produc¬ 
tion  and  chlorophyll-a  were  well  distributed  through¬ 
out  the  photic  zone  at  the  reference  stations  (1  to  4), 
and  fairly  strong  surface  inhibition  was  evident  (Fig¬ 
ure  8).  Three  definite  trends  in  photosynthetic  activity 
were  apparent  in  the  Roanoke  River  Arm  in  an  up¬ 
stream  progression:  a  gradual  decrease  in  the  depth 
of  photosynthetic  activity;  an  increase  in  the  con¬ 
centration  of  chlorophyll-a;  an  increase  in  the  peak 
rates  of  primary  production  except  for  a  slight  rever¬ 
sal  at  Station  8.  Peak  rates  in  the  Roanoke  River  Arm 
were  from  3  to  8  times  greater  than  those  at  the 
reference  stations. 

Dissolved  oxygen  was  at  or  significantly  greater 
than  saturation  in  the  photic  zone  throughout  the 
lake  (Figure  9).  While  saturation  values  in  the 
reference  stations  were  about  100%  or  slightly  higher, 
surface  values  in  the  upper  Roanoke  River  Arm  were 
well  over  125%  and  the  value  at  Station  9  exceeded 
225%.  As  was  evident  in  October,  there  was  a  gradual 
decrease  in  lake  transparency  and  depth  of  light 
penetration  in  an  upstream  direction. 

Summer  (July  1972) — Figure  3  indicates  strong 
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Fig.  8 — Vertical  carbon  assimilation  rates  and  chlorophyll-a 
concentration  profiles  during  May  1972.  Note  the  differences  in 
scale  on  the  x-axes. 
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Fig.  9— Percent  saturation,  Secchi  disc  and  1%  light  penetration 
profiles  during  May  1972.  See  Fig.  5  for  symbols. 


thermal  stratification  throughout  the  lake  with  the 
well-defined  thermocline  generally  occurring  between 
4  and  10  m. 

Photosynthetic  activity,  as  evidenced  by  primary 
production  rates  and  chlorophyll-a  profiles,  was 
fairly  well  distributed  to  a  depth  at  8  m  at  Stations  1 
to  4  (Figure  10).  However,  as  was  observed  during 
previous  periods,  primary  production  rate  and 
chlorophyll-a  curves  show  that  there  was  a  gradual 
decrease  in  an  upstream  direction  in  the  depth  at 
which  photosynthesis  occurred.  Figure  11  shows 
gradual  reduction  in  the  depth  of  light  penetration 
and  lake  transparency  in  an  upstream  direction  in 
the  Roanoke  River  Arm;  a  trend  that  was  in  close 
agreement  with  that  of  the  depth  of  photosyn¬ 
thetic  activity. 

Peak  rates  of  primary  production  in  the  upstream 
stations  were  from  4  to  10  times  the  values  observed 
in  the  reference  stations  (Figure  10).  It  should  also  be 
noted  that  carbon  assimilation  was  rather  severely 
reduced  at  Station  9  and  was  only  slightly  higher 
there  than  at  the  reference  stations.  This  was 
probably  due  to  reduced  light  penetration  resulting 
from  high  concentrations  of  algae  and/or  detrital  tur¬ 
bidity  in  the  top  meter  of  water. 

Oxygen  saturation  in  surface  waters  throughout 
the  lake  exceeded  100%  during  the  July  sampling 
(Figure  11).  As  in  May,  there  was  a  trend  of  increas¬ 
ing  supersaturation  in  an  upstream  direction  in  the 
Roanoke  River  Arm  in  July,  with  surface  values  ex¬ 
ceeding  200%  saturation  at  the  three  most  upstream 
stations  (7,  8  and  9).  The  generalized  trend  of  de¬ 
creasing  lake  transparency  and  depth  of  light  penetra- 
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Fig.  10 — Vertical  carbon  assimilation  rates  and  chlorophyll-a 
concentration  profiles  during  July  1972.  Note  the  differences  in 
scale  on  the  x-axes. 


tion  observed  during  previous  periods  in  an  upstream 
direction  was  quite  apparent. 

Daily  Rates  of  Primary  Production  Per  Square  Meter 
Surface  Area 

Most  recent  papers  dealing  with  rates  of  primary 
production  in  lakes  have  converted  the  computed 
hourly  rates  per  unit  volume  to  daily  or  even  annual 


DISSOLVED  OXYGEN  (%  SATURATION) 


Fig.  11— Percent  saturation,  Secchi  disc  and  1%  light  penetra¬ 
tion  profiles  during  July  1972.  See  Fig.  5  for  symbols. 


rates  per  square  meter  of  water  surface  by  integration 
of  the  carbon  assimilation  curve.  There  are  obvious 
flaws  in  this  method  but  one  must  follow  the  conven¬ 
tion  if  one  is  to  compare  one’s  data  with  those  of 
other  workers.  Daily  estimated  rates  of  carbon  as¬ 
similated  per  m2  surface  area  at  all  stations  for  each 
experimental  period  are  presented  in  Table  1. 

There  was  a  gradient  in  daily  carbon  assimilation 
rates  during  October  1971  and  July  1972  similar  to 
that  observed  in  the  previous  sections  dealing  with 
peak  rates.  Highest  daily  rates  measured  in  October 
and  July  in  the  upstream  stations  were  10  and  14 
times  higher  than  lowest  rates  at  downstream  sta¬ 
tions.  Daily  rates  in  January  were  low  throughout  the 
lake  due  to  low  temperatures  and  especially  in  the  ex¬ 
treme  upstream  stations  due  to  a  combination  of 
temperature  and  high  turbidity.  In  May,  the  daily 
rates  per  m2  were  approximately  equal  at  the 
downstream  (except  Station  4)  and  upstream  stations 
though  the  hourly  rate  peaks  were  up  to  10  times 
greater  at  the  upstream  stations.  Referring  to  Figure 
8  the  situation  can  be  explained  by  the  shape  of  the 
productivity  curve.  While  primary  production  was 
well  distributed  throughout  the  top  6-7  m  at  Stations 
1  to  3,  it  was  light-limited  at  Stations  7  to  9  due  to 
high  algal  biomass  and  perhaps  other  turbidity  fac¬ 
tors. 

Discussion 

Just  what  constitutes  acceptable  evidence  for  the 
relative  trophic  states  of  impounded  bodies  of  water 
is  controversial  because  the  natural  variability  of 
lakes  and  reservoirs  makes  a  standard  model  difficult, 
if  not  impossible,  to  obtain.  However,  the  various 
symptoms  which  have  been  associated  with 
eutrophication  include:  relatively  high  rates  of  pri¬ 
mary  production,  high  concentrations  of  epi- 
limnetic  chlorophyll-a,  decreased  lake  transparency 
and  depth  of  light  penetration,  hypolimnetic  oxygen 
depletion  and  oxygen  supersaturation  of  surface 
layers  (Anderson  1961,  Fruh  et  al.  1966,  Sawyer 
1966,  Stewart  and  Rolich  1967,  Lee  1970  and  many 
others). 

Our  data  show  that  the  Roanoke  River  Arm  of 
Smith  Mountain  Lake  differed  substantially  from 
areas  near  the  dam  in  the  following  limnological 
features:  primary  production  rates,  chlorophyll-a 
concentration,  water  transparency  and  depth  of  light 


TABLE  l 

Carbon  Assimilation  Rates  in  Smith  Mountain  Lake 
(mg/ m2/ day). 


Station 

Number 

October 

1971 

January 

1972 

May 

1972 

July 

1972 

1 

286 

72 

1344 

168 

2 

374 

110 

1470 

448 

3 

333 

220 

1202 

602 

4 

121 

130 

504 

490 

5 

462 

110 

980 

460 

6 

1056 

40 

418 

2352 

7 

1199 

240 

1834 

1232 

8 

748 

* 

1064 

1946 

9 

1221 

* 

1102 

354 

*  T  race 
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penetration,  and  surface  oxygen  saturation.  Further¬ 
more,  the  data  show  that  a  definable  gradient  in  some 
or  all  of  these  features  existed  during  the  fall,  spring, 
and  summer  periods  of  the  study.  Clearly  the  lim¬ 
nological  characteristics  of  the  Roanoke  River  Arm 
were  those  of  a  nutrient-enriched  aquatic  system 
which  can  probably  be  classified  as  eutrophic.  The 
eutrophic  nature  of  the  upper  reaches  of  the  lake  can 
best  be  compared  to  other  eutrophic  lakes  by  the 
daily  rates  of  primary  production.  While  the  rates  did 
not  reach  those  reported  by  Wetzel  (1965)  in  the 
hypereutrophic  Sylvan  Lake  in  Indiana,  i.e.,  >4000 
mg/m2/day  in  early  spring  and  late  summer,  they 
were  close  to  the  2000  mg/m2/day  rates  observed  in 
eutrophic  Clear  Lake  (California)  by  Goldman  and 
Wetzel  (1963). 

There  are  probably  two  major  factors  responsible 
for  the  eutrophy  of  the  upper  reaches  of  the  Roanoke 
River  Arm  of  Smith  Mountain  Lake.  The  first  is  the 
extreme  nutrient  loading  of  the  Roanoke  River  by 
municipal-industrial  discharges.  Jennings  et  al.  (1970) 
reported  that  sewage  treatment  facilities  in  the 
Roanoke  metropolitan  area  discharged  some  500,000 
lbs  of  nitrogen  (TKN)  and  240,000  lbs  of  phosphorus 
into  the  lake’s  tributaries  between  January  and  May 
1968. 

The  second  factor  is  the  morphometry  of  the  basin 
and  the  surrounding  terrain.  Center  channel  depths  at 
Stations  9,  8,  7  and  6  were  8m,  10m,  25m,  and  30m, 
respectively.  Depths  in  the  lake  proper  ranged  from 
40  to  60  m.  Channel  widths  at  Stations  9,  8,  7  and  6 
were  96m,  144m,  370m,  and  450m,  respectively,  while 
widths  of  the  lake  proper  ranged  up  to  several  km.  It 
can  be  seen  that  the  upper  reaches  of  the  Roanoke 
River  Arm  are  shallower  and  narrower  than  the  lake 
proper. 

In  the  area  of  Stations  6  to  9  the  lake  shore-line 
abuts  ridges  on  both  sides  of  the  channel  that  rise  up 
to  60m  above  normal  pool  height  of  the  lake.  Unless 
the  wind  direction  coincides  with  the  direction  of  the 
channel  the  ridges  provide  a  wind  shadow  for  the  lake 
surface. 

The  upper  reaches' of  the  Roanoke  River  Arm  seem 
to  be  an  optimal  site  for  eutrophication.  That  area  of 
the  lake  is  relatively  shallow,  narrow  and  protected 
from  wind  and  receives  nutrient-enriched  water  from 
the  Roanoke  River.  Simmons  and  Neff  (1969)  con¬ 
sidered  the  lower  reaches  of  the  lake  to  be 
mesotrophic,  and  we  agree. 

It  should  be  mentioned  that  tertiary  sewage  treat¬ 
ment  facilities  are  being  constructed  in  the  Roanoke 


metropolitan  area  and  those  facilities  should  relieve 
the  nutrient  loading  on  the  lake. 


Acknowledgments — This  work  was  funded  by  a  research  grant 
from  the  Appalachian  Power  Company. 


Literature  Cited 

American  Public  Health  Association.  1971.  Standard  Methods  for 
the  examination  of  water  and  waste  water.  13th  ed„  APHA, 
New  York. 

Anderson,  G.  C.  1961.  Recent  changes  in  the  trophic  nature  of 
Lake  Washington.  In  Trans.  1960  Seminar  on  Algae  and 
Metropolitan  Wastes.  Robert  A.  Taft  Sanitary  Engineering 
Center  Tech.  Report  W61-3,  p.  27-33. 

Bartsch,  A.  F.  1970.  Accelerated  eutrophication  of  lakes  in  the 
United  States:  ecological  response  to  human  activity.  Environ. 
Pollut.  1:133-140. 

Fruh,  E.  G.,  K.  M.  Stewart,  G.  F.  Lee  and  G.  A.  Rohlich.  1966. 
Measurements  of  eutrophication  and  trends.  Journ.  Wat.  Pol¬ 
lut.  Contr.  Fed.  38:1237-1258. 

Goldman,  C.  R.  and  R.  G.  Wetzel.  1963.  A  study  of  primary 
productivity  of  Clear  Lake,  Lake  County,  California.  Ecology 
44:283-294. 

Hasler,  A.  D.  1947.  Eutrophication  of  lakes  by  domestic  drainage. 
Ecology  28:383-395. 

Hutchinson,  G.  E.  1957.  A  treatise  on  limnology.  Vol.  1., 
Geography,  Physics  and  Chemistry.  John  Wiley  and  Sons, 
Inc.,  1015  p. 

Jennings,  R.  R.,  J.  H.  Tackett,  D.  R.  Wheeler,  C.  R.  Berry,  J.  T. 
Canaday  and  E.  R.  Arnold.  1970.  The  Preliminary  Investiga¬ 
tion  of  the  Water  Quality  in  the  Upper  Roanoke  River 
Watershed.  Report  from  the  Technical  Services  Division  of 
the  Virginia  State  Water  Control  Board,  163  pp. 

Lee,  G.  F.  1970.  Eutrophication.  Occas.  Pap.  Univ.  Wise.  Wat. 
Res.  Centr.  No.  2,  39  pp. 

Saunders,  G.  W.,  F.  B.  Trama,  and  R.  W.  Bachmann.  1962. 
Evaluation  of  a  modified  14C  technique  for  shipboard  estima¬ 
tion  of  photosynthesis  in  large  lakes.  Great  Lakes  Research 
Division  Pub.  No.  8,  61  p. 

Sawyer,  C.  N.  1966.  Basic  concepts  of  eutrophication.  Journ.  Wat. 
Pollut.  Contr.  Fed.  38:737-744. 

Simmons,  G.  M.,  Jr.  and  S.  E.  Neff.  1969.  The  effect  of  pumped- 
storage  reservoir  operation  on  biological  productivity  and 
water  quality.  Bull.  Wat.  Resour.  Res.  Centr.,  Virginia 
Polytechnic  Institute  and  State  University,  No.  21,  47  pp. 

Stewart,  K.  M.  and  G.  A.  Rohlich.  1967.  Eutrophication — A 
Review.  Calif.  State  Water  Quality  Control  Board,  Pub.  No. 
34,  188  pp. 

Vollenweider,  R.  A.  1971.  Primary  production  in  aquatic  environ¬ 
ments.  IBP  Handbook  No.  12.  F.  A.  Davis  Co.,  Philadelphia. 

Wetzel,  R.  G.  1966.  Variation  in  productivity  of  Goose  and 
Hypereutrophic  Sylvan  Lakes,  Indiana.  Invest.  Indiana  Lakes 
and  Streams  7(5):  147-184. 


27 


H.  W.  Webb,  Jr. 

Virginia  Division  of  Mineral  Resources 
Box  3667,  Charlottesville,  Va.  22903 


Topographic  Maps  for  the  Commonwealth 


There  are  several  types  of  topographic  maps 
available  for  areas  in  Virginia.  The  most  significant 
are:  1 : 250,000  scale  series,  where  1  inch  on  the  map 
portrays  about  4  miles  on  the  ground;  and  1:24,000 
scale  series,  where  1  inch  portrays  about  0.4  mile.  The 
former  series  depict  the  “birds-eye”  view  of  large 
areas  with  little  cultural  and  natural  detail  whereas 
the  latter  shows  a  smaller  area  in  great  detail.  The 
1 : 250,000  series,  useful  for  regional  planning,  can  be 
obtained  either  as  flat  paper  maps  or  as  plastic  relief 
maps  (the  latter  has  an  exaggerated  vertical  to 
horizontal  scale  ratio  of  4: 1).  Base  maps  of  the  Com¬ 
monwealth  at  the  1 : 500,000  scale  are  available  in 
topographic,  planimetric  (without  contours)  and 
shaded  relief  editions.  Special  maps  are  available 
which  depict  the  Shenandoah  National  Park,  Blue 
Ridge  Parkway,  Colonial  National  Monument  and 
Washington  and  vicinity. 

The  preparation  of  modern  topographic  maps 
begins  with  the  photogrammetric  plotting  of 
topography,  drainage,  vegetation,  and  cultural  data 
which  are  derived  from  the  stereoscopic  inspection  of 
optical  models  prepared  from  overlapping  aerial 
photographs.  These  photos  are  flown  under  rigid 
mapping  specifications,  usually  during  late  fall  or 
early  spring  at  times  of  minimal  vegetation  cover. 
The  horizontal  and  vertical  survey  control,  classifica¬ 
tion  of  cultural  features,  drainage  and  vegetation, 
and  identifying  names  are  obtained  during  an  on-the- 
spot  examination  of  the  areas  being  mapped.  Uncer¬ 
tain  information  from  the  aerial  photographs  is  also 
checked  at  this  time.  After  a  multi-editing  of  the  ac¬ 
curacy  and  clarity  of  the  data  shown,  the  map  is 
printed  and  made  available  for  sale  to  the  public 
through  U.S.  Geological  Survey  sales  offices  and  map 
dealers. 

Topographic  mapping  in  Virginia  began  in  1883  at 
the  1 : 125,000  scale  (1  inch  on  the  map  equals  about  2 
miles  on  the  earth);  by  1908  about  about  75  percent 
of  the  Commonwealth  had  been  mapped.  The  quality 
of  these  early  reconnaissance-type  maps  was  often 
dependent  upon  the  map-maker’s  skill  in  artistic 
sketching  and  woodsmanship.  In  1900,  with  the 
realization  of  the  need  for  maps  with  greater  accuracy 
and  topographic  detail,  a  new  series  was  developed  at 
a  scale  of  1 : 62,500  (1  map  inch  equals  about  1  mile 
on  the  earth).  This  soon  supplanted  the  1:125,000 
maps,  even  before  Virginia  was  fully  covered  by  the 
latter  series.  In  1909  the  Commonwealth,  with  an  ex¬ 
penditure  of  $1750,  became  one  of  the  first  states  to 
begin  a  cooperative  mapping  program  with  the  U.S. 
Geological  Survey;  this  program  still  continues.  By 
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the  late  1930’s,  due  to  the  demand  for  even  greater 
detail  and  accuracy,  the  present  program  of  mapping 
on  the  1 : 24,000  scale  (1  inch  on  the  map  equals  2000 
feet  on  the  earth)  was  begun.  These  maps  have  been 
prepared  by  the  U.S.  Geological  Survey,  the  U.S. 
Coast  and  Geodetic  Survey,  Tennessee  Valley 
Authority  and  the  U.S.  Corps  of  Engineers.  Each  of 
these  maps  portrays  an  area  of  7.5  minutes  of  latitude 
and  longitude,  about  60  square  miles.  They  have  now 
supplanted  the  older  1 : 62,500-scale  series. 

An  accelerated  $9  million  cooperative  mapping 
program  between  the  Commonwealth  of  Virginia  and 
the  U.S.  Geological  Survey  was  started  by  the 
Virginia  Division  of  Mineral  Resources  in  1962  to 
complete  the  coverage  of  the  1 : 24,000-scale  series.  By 
November  1972  all  of  the  805  maps  needed  to  depict 
the  State  became  available  in  modern  form.  Virginia 
became  the  tenth  state  then  to  be  completely  covered 
at  this  scale  of  mapping. 

With  the  recognition  that  maps  in  urban  areas 
quickly  become  outdated,  a  continuing  program  of 
revision  was  begun  in  1968.  Changes  are  determined 
from  the  inspection  of  aerial  photographs  within  the 
program,  and  these  new  data  are  shown  on  the  maps 
in  purple.  In  addition  to  the  usual  topographic  infor¬ 
mation  these  photorevised  maps  now  depict  the 
dimension  of  time,  which  is  useful  for  planning  and 
urban  development.  Maps  of  most  independent  cities 
are  now  available  in  this  form.  Beginning  in  Spring 
1972  a  new  method  of  determining  which  maps 
needed  to  be  revised  was  initiated  with  high-altitude 
quad-centered  photography  for  the  northern  fifth  of 
the  Commonwealth.  The  amount  of  change  deter¬ 
mined  from  the  photographs,  combined  with  State 
and  Federal  needs,  will  determine  which  maps  need 
to  be  revised.  In  this  way  every  part  of  the  Com¬ 
monwealth  will  be  examined  photographically  once 
every  five  years.  Maps  of  growth  areas  will  be  no 
more  than  five  years  out  of  date. 

Names  of  places,  water  features,  landforms  and 
religious  institutions  from  the  1 : 24,000-scale  series 
are  available  in  Information  Circular  20,  Geographic 
and  Cultural  Names  in  Virginia  (obtainable  from  the 
Virginia  Division  of  Mineral  Resources,  Box  3667, 
Charlottesville,  Va.  22903,  for  $2.86  including  4% 
sales  tax  to  addresses  in  Virginia). 

A  pilot  program  is  in  progress  to  prepare  the  fol¬ 
lowing  products  from  the  1 : 24,000-scale  maps: 
orthophotoquads,  slope  maps,  orthophoto  maps 
and  county  maps.  The  orthophotoquads  are 
photographic  depictions  of  the  1 : 24,000-scale  maps 
on  which  scale  measurements  can  be  made.  The  best 
information  on  the  land  surface  can  be  obtained  by 
using  orthophotoquads  with  the  corresponding 
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topographic  maps,  since  the  former  depict  land-use, 
fence-lines  and  type  and  extent  of  woodland,  while 
the  latter  show  relief  and  name  features.  Eleven 
orthophotoquads  are  available:  Charlottesville, 
Front  Royal,  Fredericksburg,  Gainesville,  Leesburg, 
Luray,  Sterling,  Winchester  and  others.  Fifty-nine 
others  are  being  prepared  for  selected  quadrangles  in 
central  and  eastern  Virginia. 

Slope  maps,  on  which  the  inclination  of  the  land  is 
portrayed  by  percent-slope  categories  depicted  on  a 
topographic  base,  will  be  available  for  ten 
quadrangles  across  the  state.  Orthophoto  maps, 
which  are  multicolored  photographic  images  with 
which  information  from  the  topographic  maps  has 
been  combined,  are  being  made  for  the  Dismal 
Swamp  and  Wachapreague  areas.  Composited 
topographic  information  from  the  1 : 24,000-scale 
maps  prepared  as  a  country  map  is  available  for 
Stafford  County  at  a  scale  of  1 : 50,000.  Similar  maps 
are  in  progress  for  New  Kent  and  Warren  counties. 

As  a  by-product  of  the  cooperative  mapping 
program,  aerial  photographs  are  available  for  most 
of  the  Commonwealth.  Stereoscopic  examination  of 
overlapping  prints  shows  the  landscape  in  three 
dimensions.  From  aerial  photographs  such  features 
as  land  use,  the  type  and  extent  of  woodland,  fence 
and  field  lines,  and  the  shapes  of  temporary  bodies  of 
water  can  be  interpreted. 

Beginning  in  the  Spring  of  1972  high  altitude  quad- 
centered  mapping  photography  is  to  be  flown  for 
each  sector  of  Virginia  once  every  five  years.  Photos 
are  now  available  for  northern,  eastern  and  central 
Virginia.  Only  one  of  these  overlapping  9-inch  by  9- 
inch  photographs  at  a  scale  of  about  1:72,000  is 
needed  to  depict  the  area  of  a  1 : 24,000-scale  map;  the 
center  of  the  photo  is  the  center  of  the  corresponding 
topographic  map.  A  3-times  enlargement  is  about  the 
same  scale  as  the  map.  For  that  part  of  the  State  not 
covered  by  high-altitude  photos,  coverage  for  a  7.5- 
minute  quadrangle  consists  of  from  15  to  20 
photographs  at  about  1:24,000  scale.  Mapping 
photographs  can  be  ordered  from  the  Eastern  Map¬ 
ping  Center,  U.S.  Geological  Survey,  National 


Center,  Reston,  Va.  22092.  Information  on  availabil¬ 
ity  of  other  aerial  photographs  and  photomosaics 
can  be  obtained  from  the  National  Cartographic 
Information  Center,  U.S.  Geological  Survey,  Reston, 
Va.  22092. 

The  following  factors  should  be  considered  in  us¬ 
ing  maps.  Information  is  current  only  to  the  date  of 
the  map.  A  comparison  of  new  maps  with  old  maps 
may  show  that  place  names  have  changed  or  been 
deleted,  or  that  roads  have  been  renumbered  or 
relocated.  Because  the  paper  on  which  maps  are 
printed  is  affected  by  changes  in  temperature  or 
humidity,  the  accuracy  of  scale  measurements  may 
differ  across  the  face  of  the  map;  stable-base  mylar 
copies  can  be  obtained  from  the  Eastern  Mapping 
Center.  Accuracy  of  locating  points  on  topographic 
maps  is  prescribed  under  National  Map  Accuracy 
Standards.  For  maps  of  1 : 24,000  scale,  90  percent  of 
well-defined  points  are  within  40  feet  of  their  horizon¬ 
tal  position  and  within  one-half  contour  interval  of 
their  vertical  position.  If  a  map  is  enlarged,  scale 
measurements  may  be  in  error  due  to  the  location  of 
certain  points,  which  at  the  original  scale  were  shifted 
from  their  true  position  to  obtain  clearance  from 
other  adjacent  graphic  symbols  or  were  enlarged  in 
size  so  they  could  be  shown  on  the  map;  roads  are 
depicted  with  a  minimal  width  of  40  feet.  Trees  and 
cleared  areas  in  woodland  less  than  certain  minimal 
dimensions  are  not  shown. 

All  805  quadrangle  maps  of  the  1:24,000  scale 
series  needed  to  depict  the  Commonwealth  are 
available.  Each  quadrangle  costs  75  cents  from  the 
Distribution  Section,  Geological  Survey,  1200  South 
Eads  Street,  Arlington,  Va.  22202.  A  free  Index  in¬ 
dicating  locations  and  names  of  these  1 : 24,000  scale 
maps  can  be  obtained  from  the  Distribution  Section. 
This  index  includes  information  on  other  types  of 
maps,  addresses  of  firms  in  Virginia  selling  maps,  and 
a  listing  of  map  reference  libraries.  Information  on 
the  status  of  map  revision  and  the  Virginia  mapping 
program  can  be  obtained  from  the  Virginia  Division 
of  Mineral  Resources,  Box  3667,  Charlottesville,  Va. 
22903.  The  Division  also  has  a  map  sales  office. 
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News  and  Notes 


Research  Awards,  1974-1975 
The  following  people  have  received  Research 
Awards  from  the  Academy: 

Dr.  Joseph  P.  Chinnici,  Department  of  Biology, 
VCU 

Dr.  Elizabeth  B.  Conant,  Department  of  Biology, 
Mary  Baldwin  College 

Drs.  Peter  Da! by,  Klaus  D.  Elgert  and  Joseph  O. 
Falkinham,  Department  of  Biology,  VPI  &  SU 
Persons  interested  in  research  awards  should  con¬ 
tact  the  chairman  of  the  Research  Committee,  Dr.  J. 
Doyle  Smith,  Department  of  Chemistry  and  Phar¬ 
maceutical  Chemistry,  MCV,  Box  666,  Richmond, 
Va.  23219. 


Philip  Morris  Science  Symposium 
The  Second  Philip  Morris  Science  Symposium  will 
be  held  at  the  Philip  Morris  Research  Center  in  Rich¬ 
mond  on  October  30,  1975.  The  theme  of  the  Sym¬ 
posium  will  be  “The  Recent  Chemistry  of  Natural 
Products,  including  Tobacco”,  and  the  speakers  will 
include  Dr.  Melvin  Calvin,  University  of  California 
at  Berkeley;  Dr.  A.  Ian  Scott,  Yale  University;  Dr. 
Richard  E.  Schultes,  Harvard  University;  Dr. 
Thomas  S.  Osdene,  The  Philip  Morris  Research 
Center;  and  Sir  Derek  H.  R.  Barton,  Imperial  College 
of  Science  and  Technology,  London.  Lord  Todd, 
Master  of  Christ’s  College,  Cambridge,  will  preside. 
For  further  information  contact  Nicholas  J.  Fina, 
The  Philip  Morris  Research  Center,  P.  O.  Box  26583, 
Richmond,  Va.  23261. 

Mountain  Lake  Biological  Station,  1975 
The  University  of  Virginia  announces  eight 
graduate  courses  in  biology  to  be  offered  at  the 
Mountain  Lake  Biological  Station  this  summer.  They 
are  as  follows: 

First  Term:  June  12  through  July  15 
Taxonomy  of  Flowering  Plants,  Dr.  Lytton  J. 
Musselman,  Old  Dominion  University 
Plant  Ecology,  Dr.  Gary  L.  Miller,  Eisenhower 
College 

Entomology,  Dr.  George  W.  Byers,  University  of 
Kansas 

Ornithology,  Dr.  David  W.  Johnston,  University 
of  Florida 

Second  Term:  July  17  through  August  19 
Plant  Biosystematics,  Dr.  C.  Ritchie  Bell,  Univer¬ 
sity  of  North  Carolina 

Biology  of  Fungi,  Dr.  Meredith  Blackwell,  Univer¬ 
sity  of  Florida 

Invertebrate  Ecology,  Dr.  George  E.  Stanton, 
Columbus  College 

Vertebrate  Ecology,  Dr.  Charles  G.  Yarbrough, 
Campbell  College 

Four  fellowships  of  $150  each  are  to  be  awarded. 
Two  North  Carlina  Botanical  Garden  fellowships 


will  be  awarded  to  superior  students  with  preference 
to  those  who  have  previously  held  work  scholarships 
at  the  Station.  Two  additional  awards  will  be  made 
from  the  Mountain  Lake  Fellowship  Fund  es¬ 
tablished  by  friends  of  Mountain  Lake.  Contribu¬ 
tions  are  invited  for  additional  support  for  this  fund. 
The  fellowships  may  not  be  held  concurrently  with 
any  other  stipend  from  the  Station.  The  recipients  of 
these  awards  are  chosen  by  the  Research  and  Awards 
Committee  of  the  Department  of  Biology.  Applica¬ 
tion  for  awards  should  be  sent  to  the  Director, 
Mountain  Lake  Biological  Station,  Gilmer  Hall, 
University  of  Virginia,  Charlottesville,  Virginia 
22903. 

Association  of  Official  Analytical  Chemists,  Annual 
Meeting,  1975 

The  89th  Annual  Meeting  of  the  AOAC  will  be 
held  at  the  Marriott  Hotel,  Twin  Bidges,  Washington, 
D.C.,  October  13-16,  1975.  There  will  be  papers  and 
symposia  on  methods  of  analysis  for  materials  and 
products  important  to  health  and  agriculture.  For 
further  information,  contact  L.  G.  Ensminger,  Ex¬ 
ecutive  Secretary,  AOAC,  Box  540,  Benjamin 
Franklin  Station,  Washington,  D.C.  20044. 

Elton  Cromwell  Cocke  1901-1975 

Elton  Cromwell  Cocke  was  born  at  Rockville, 
H  anover  County,  Virginia,  J anuary  31,  1901.  The  son 
of  Merton  Ashley  Cocke  and  Robertine  (Toler) 
Cocke,  he  was  a  direct  descendent  of  Colonel 
Richard  Cocke  who  came  to  Virginia  from  England 
prior  to  1628.  Following  early  education  in  the  local 
public  schools  Elton  entered  the  University  of  Rich¬ 
mond.  After  several  terms  there  he  withdrew  to  teach 
in  the  public  schools  for  a  period,  after  which  he 
entered  the  University  of  Virginia.  At  the  University 
he  obtained  the  B.S.  degree  in  1927,  the  M.S.  in  1928, 
and  the  Ph.D.  degree  in  1931.  All  degrees  were  in 
Biology.  From  June  1928  to  August  1929  he  served  as 
Assistant  Professor  of  Biology  at  Radford  State 
Teachers  College. 

After  receiving  the  doctorate,  Dr.  Cocke  remained 
on  the  teaching  staff  of  the  University  of  Virginia  un¬ 
til  1938.  When  William  Louis  Poteat,  once  President 
and  for  many  years  Chairman  of  Biology  at  Wake 
Forest,  died  in  1938  Professor  Cocke  accepted  ap¬ 
pointment  to  the  vacancy  created  on  the  Biology 
faculty  at  Wake  Forest  College.  He  continued  to 
teach  at  Wake  Forest  until  his  retirement  in  1971,  and 
remained  active  in  the  department  of  Biology  until 
his  death,  January  23,  1975. 

In  his  33  years  of  active  service  at  Wake  Forest, 
Elton  Cocke  participated  in  the  growth  of  the  school 
from  a  good  regional  college  to  a  national  university. 
He  saw  the  Biology  Department  grow  from  two  full 
time  members  to  a  full  time  faculty  of  16,  plus  3  ad¬ 
junct  professors.  Much  of  this  growth  occurred  dur- 
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ing  his  tenure  as  department  chairman.  He  taught  in 
a  period  of  exciting  and  revolutionary  change  in 
biology  itself,  and  was  an  active  and  concerned  par¬ 
ticipant  in  all  these  changes.  He  was  deeply  devoted 
to  Wake  Forest  and  served,  at  one  time  or  another, 
on  practically  all  of  its  major  committees.  He  went  to 
Wake  Forest  during  the  depression  of  the  1930’s  and 
taught  during  the  Second  World  War  often  carrying 
teaching  loads  and  responsibilities  that  seem  almost 
impossible  in  the  perspective  of  more  recent  condi¬ 
tions. 

Elton  Cocke  always  thought  of  himself  as  a 
teacher,  an  area  in  which  he  was  very  effective.  He 
was  always  thoroughly  prepared  in  his  courses,  which 
were  known  for  their  rigor.  He  demanded  much  of 
his  students,  but  because  of  his  enthusiasm  and  total 
fairness,  thousands  of  students  who  passed  through 
his  courses  left  with  a  love  and  understanding  of 
biology  as  well  as  of  broad  and  humane  learning.  His 
teaching  excellence  was  attested  to  when  he  received 
the  1970  Meritorious  Teaching  Award  of  the  Associa¬ 
tion  of  Southeastern  Biologists.  Dr.  Cocke  kept  a 
record  of  all  students  whom  he  taught  and  the  list 
contained  over  12,000  names,  almost  10,000  of  them 
Wake  Forest  students,  the  others  in  his  classes  during 
seven  years  at  the  University  of  Virginia  and  a  short 
period  at  Radford  College.  It  was  the  expressed 
opinions  and  praise  of  hundreds  of  these  former 
students  which  were  responsible  for  his  1970  recogni¬ 
tion  as  a  truly  outstanding  teacher. 

While  primarily  a  teacher,  and  one  who  also 
devoted  considerable  time  most  effectively  to  ad¬ 
ministrative  duties  as  well,  Dr.  Cocke  never  lost  in¬ 
terest  in  original  research  and  always  ‘made’  time  in 
which  to  continue  his  studies  and  writing.  Early 
studies  dealth  with  pollen — fossil  pollens,  par¬ 
ticularly  of  the  Dismal  Swamp,  as  well  as 
atomospheric  pollen  surveys.  His  later  interests  were 
chiefly  in  the  areas  of  either  Phycology  or 
Dendrology.  His  authoritative  book  “The  Myx- 
ophyceae  of  North  Carolina”  appeared  in  1967,  while 
his  "Trees  and  Shrubs  of  North  Carolina”  was  writ¬ 
ten  after  retirement  and  was  published  in  1974.  An 
earlier,  1943,  work  “Outline  of  Lectures  in  General 
Biology”  went  through  six  editions.  Two  of  his 


publications  record  in  depth  the  development  of  the 
department  with  which  much  of  his  professional  life 
was  so  closely  intertwined.  “A  History  of  the  Wake 
Forest  University  Biology  Department”  appeared  in 
1969, while  “The  First  Hundred:  A  Study  of  the 
Graduate  Program  of  the  Department  of  Biology  of 
Wake  Forest  University,  1889-1974”  came  from  the 
press  in  mid-January  1975. 

Primarily  a  botanist,  Professor  Cocke  was  trained 
in  the  broad  tradition  of  natural  history  and  resisted 
compartmentation.  Equally  at  home  with  botanical 
or  zoological  material,  in  his  classroom  he  insisted  on 
the  broader  synthesis  rather  than  any  narrow  view.  In 
searching  out  good  young  teachers  for  the  depart¬ 
ment  in  many  cases  he  sacrificed  his  own  time  and 
gave  up  courses  he  had  taught  for  a  long  time  in  order 
that  the  department  might  attract  and  retain  an  able 
staff. 

Professor  Cocke’s  industry,  attainments  and 
results  are  doubly  emphasized  by  the  fact  that  while 
severely  crippled  in  his  youth,  he  refused  to  let  this 
handicap  him.  His  indomitable  courage  served  as  an 
example  to  his  students,  colleagues  and  friends. 

Throughout  his  professional  career  Elton  Cocke 
was  active  in  the  major  specialized  and  general,  na¬ 
tional  and  regional,  professional  organizations  in  his 
field.  He  was  a  past  president  of  the  North  Carolina 
Academy  of  Science.  He  was  a  member  of  the 
Virginia  Academy  of  Science  for  over  46  years,  from 
near  the  time  of  its  inception,  and  regularly  attended 
and  participated  in  its  annual  meetings.  At  the  1973, 
Fiftieth  Anniversary,  meeting  in  Williamsburg  he 
presented  original  papers  before  the  sections  both  of 
Biology  and  of  Botany,  in  addition  to  serving  effec¬ 
tively  on  a  panel  of  five  persons  leading  a  symposium- 
type  discussion  on  "Early  Botany  and  Botanists  in 
Virginia.”  In  the  passing  of  Elton  Cocke  the 
Academy  has  lost  one  of  its  ablest,  most  loyal,  and 
most  enthusiastic  members.  He  is  survived  by  his 
wife,  Virginia  Webb  Cocke,  whom  he  had  married 
while  they  were  students  at  the  University  of  Virginia; 
two  daughters,  Mrs.  Virginia  Cocke  Bloch,  and  Mrs. 
Mary  Gilmer  Cocke  Van  Poole;  a  number  of 
grandchildren;  and  a  brother. 

Walter  S.  Flory 
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VIRGINIA  ACADEMY  OF  SCIENCE 
FIFTY-THIRD  ANNUAL  MEETING,  HARRISONBURG 
MAY  6-9,  1975 

SUMMARY  OF  ACADEMY  CONFERENCE  AND  ACADEMY  ASSEMBLY 
AND  NOTES  FROM  COUNCIL  MEETING 


May  8,  1975 


The  Academy  Conference  of  the  Virginia  Academy 
of  Science  was  held  at  Madison  College,  Harrison¬ 
burg,  Virginia,  on  May  8,  1975.  President  Wisman 
called  the  Conference  to  order  at  1 1:35  a.m.  About  70 
members  were  in  attendance. 

Mr.  J.  W.  Midyette,  Jr.,  Chairman  of  the  Constitu¬ 
tion  and  Bylaws  Committee,  submitted  the  following 
constitutional  changes  for  adoption: 

1.  Amend  Article  III,  Section  6,  Standing  Com¬ 
mittee  as  follows: 

a.  Delete  in  line  6  after,  “the  Nominating 
Committee”  the  clause  “the  Science  Talent 
Search  Committee.” 

2.  Amend  Article  VII,  Section  1  as  follows: 

Insert  “Visiting  Scientists  Program  Director” 
in  3rd  sentence.  Amended  sentence  to  read 
“In  addition  to  the  aforegoing,  the  Chairman 
of  the  Standing  Committee,  the  Editor  of  the 
Virginia  Journal  of  Science,  and  Visiting 
Scientists  Program  Director  shall  be  members 
of  Council.” 

These  proposed  changes  had  been  approved  by 
Council  and  distributed  to  the  membership  in  accor¬ 
dance  with  the  Constitution.  Motions  to  adopt  the 
two  constitutional  changes  were  seconded  and  ap¬ 
proved  unanimously.  Mr.  Midyette  called  attention 
to  proposed  Bylaw  changes  which  had  been  dis¬ 
tributed  to  the  membership  and  which  will  be  acted 
on  by  Council  on  May  9,  1975. 

Dr.  D.  Rae  Carpenter,  Jr.,  Chairman  of  the 
Finance  and  Endowment  Committee  distributed 
copies  of  the  financial  report  of  the  Academy  noting 
two  changes:  1)  the  inclusion  of  the  income  from  the 
Trust  Fund  as  a  line  item  under  Receipts,  and  2)  the 
addition  of  Committees,  principally  the  Research  and 
Flora  Committees,  as  a  line  item  under  Disburse¬ 
ments.  A  total  of  $35,1 16  was  disbursed  in  1974  and  a 
$34,245  budget  has  been  approved  for  1975.  General 
Fund  Assets  at  the  end  of  1974  remained  at  the  level 
of  about  one  year  expenses  as  has  been  the  policy  of 
Council.  Dr.  Carpenter  called  attention  to  the 
membership  being  at  an  all-time  low  at  the  end  of 
1974,  and  expressed  special  concern  that  business 
memberships  may  decrease. 

Mr.  Addison  D.  Campbell,  Chairman  of  the 
Membership  Committee  described  the  new 


membership  brochure.  Five  thousand  copies  have 
been  printed  with  approximately  2500  distributed 
along  with  application  forms  to  representatives  at 
colleges  and  universities  and  to  high  school  science 
and  mathematics  teachers.  Ninety  new  members  have 
joined  since  January  1,  1975,  bringing  the  total 
membership  to  1623.  Unfortunately,  279  of  last 
year’s  members  have  not  yet  renewed  their 
membership  and  may  haveAo  be  dropped  from  the 
rolls  resulting  in  a  net  loss.  Mr.  Campbell  urged  each 
member  to  share  in  the  responsibility  of  promoting 
new  memberships  and  securing  renewals  of  former 
members.  The  Committee  does  not  have  represen¬ 
tatives  at  some  institutions  and  would  like  volunteers. 

Dr.  John  L.  Hess  was  introduced  as  the  new  Direc¬ 
tor  of  the  Virginia  Junior  Academy  of  Science.  Dr. 
Lee  S.  Anthony,  retiring  Director,  reported  that 
registration  at  the  VJAS  meeting  was  about  the  same 
as  last  year,  approximately  500  including  350  stu¬ 
dents.  The  enthusiasm  and  competition  has  been 
greater  than  ever  and  the  VJAS  program  continues  to 
offer  a  very  rewarding  and  valuable  experience  to  the 
science-oriented  high  school  student.  Of  the  more 
than  300  papers  submitted,  159  were  selected  for 
presentation  at  the  Annual  Meeting.  The  new  VJAS 
officers  are:  President,  Bruce  R.  Marton,  Wakefield 
Senior  High  School,  Arlington  County;  Vice- 
President,  Ursula  E.  Schwebs,  Washington-Lee  High 
School,  Arlington  County;  and  Secretary,  Vickie  L. 
Shelton,  The  Collegiate  Schools,  Richmond.  An  ex¬ 
cellent  slide-lecture  was  presented  to  the  VJAS  on 
May  7  by  Ms.  Emily  Ford,  Hollins  College,  on  “Life 
in  the  Serengeti.” 

President  Wisman  on  behalf  of  the  Academy 
recognized  with  appreciation  the  very  fine  job  done 
by  Dr.  Anthony  as  Director  of  VJAS  for  the  past 
three  years. 

Dr.  Edward  F.  Turner,  Chairman  of  the 
Nominating  Committee,  offered  in  nomination  the 
following  slate  of  officers  for  the  Academy  for 
1975-76: 

President:  Dr.  Arthur  W.  Burke,  Jr.,  MCV-VCU 

President-elect:  Dr.  W.  Allan  Powell,  University  of 
Richmond 

Secretary:  Dr.  Ralph  A.  Lowry,  University  of 
Virginia 

Treasurer:  Dr.  Dale  V.  Ulrich,  Bridgewater  Col¬ 
lege 

Motions  that  nominations  be  closed  and  that  the 
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slate  of  officers  recommended  by  the  Nominating 
Committee  be  accepted  were  seconded  and  passed  by 
unanimous  votes. 

The  Conference  joined  in  an  expression  of  ap¬ 
preciation  and  thanks  to  Dr.  Wilbur  T.  Harnsberger 
and  the  Local  Committee  on  Arrangements  at 
Madison  College  for  an  excellent  Annual  Meeting 
and  a  job  well  done. 

Dr.  Dorothy  Bliss,  Chairman  of  Ad  Hoc  Commit¬ 
tee  on  Nation’s  Bicentennial  reported  on  the  Com¬ 
mittee’s  plans  for  a  program  at  the  1976  Annual 
Meeting  to  celebrate  the  Nation’s  Bicentennial.  These 
commemorative  activities  will  include  three  invita¬ 
tional  papers  to  be  published  in  the  Virginia  Journal 
of  Science:  “The  Development  of  Technology  and 
Industry  in  Virginia,”  “The  History  of  Biological 
Sciences  in  Virginia,”  and  “The  History  of  the 
Physical  Sciences  in  Virginia.”  The  Academy  will 
also  sponsor  a  competitive  research  paper  on  some 
historical  aspect  of  science  or  scientist  in  Virginia 
for  secondary  school  students  and  a  special  Wednes¬ 
day  evening  program  highlighting  the  theme  of 
colonial  science. 

Executive  Secretary-Treasurer  Bruner  reported  a 
letter  received  from  Governor  Mills  E.  Godwin  re¬ 
questing  the  Academy’s  help  and  cooperation  in  a 
State-wide  program  to  clean  up  and  beautify 
Virginia’s  public  places,  private  homes,  businesses, 
and  neighborhoods  for  the  period  of  the  Bicentennial 
and  beyond.  This  matter  will  be  referred  to  the  Ex¬ 
ecutive  Committee  for  recommendations  and  action. 

President  Wisman  announced  that  next  year’s  An¬ 
nual  Meeting  will  be  held  at  George  Mason  Univer¬ 
sity  on  the  dates  of  May  11-14,  1976. 

Dr.  Rae  Carpenter,  Chairman  of  the  Board  of 
Trustees  of  the  Science  Museum  of  Virginia,  in¬ 
troduced  the  Director  of  the  Museum,  Paul  Knap- 
penberger,  who  gave  a  brief  report  on  the  status  of 
the  Museum.  In  1967  the  Academy  prepared  and  sent 
to  the  Governor  a  resolution  asking  that  a  Study 
Commission  be  created.  That  Study  Commission 
resulted  in  a  nine  member  Board  of  Trustees  being 
formed  in  1971.  At  the  present  time  the  Board  is 
ready  with  working  drawings  to  construct  the  first 
facility.  This  facility,  to  be  located  in  the  Richmond 
area,  is  estimated  to  cost  $8  million  of  which  $  1 .5  mil¬ 
lion  has  been  pledged  from  non-State  funds.  Most  of 
the  remaining  funds  needed  will  hopefully  be  ap¬ 
propriated  from  the  State’s  General  Fund  during  the 
next  session  of  the  General  Assembly.  Both  Dr. 
Carpenter  and  Dr.  Knappenberger  urged  the  con¬ 
tinued  support  of  the  Academy  in  securing  these 
funds  and  suggested  that  the  most  effective  way  to 
help  is  for  individual  Academy  members  to  write  to 
the  Chairman  of  the  Senate  Finance  Committee,  the 
Chairman  of  the  House  Appropriations  Committee, 
the  Governor,  or  to  any  member  of  the  above  com¬ 
mittees  known  to  them.  The  Museum  has  already 
started  several  programs  including  a  mobile  unit  used 
at  schools  and  public  places.  Planning  has  begun  on  a 
Western  Division  facility  in  the  Roanoke  area  where 
the  Science  Museum  Association  of  Roanoke  Valley 
has  raised  over  $65,000  and  hired  an  architect. 

Written  reports  were  filed  by  the  following  com¬ 
mittees: 


Finance  and  Endowment  Committee  (financial 
report) 

Junior  Academy  of  Science  Committee 

Long  Range  Planning  Committee 

Publications  Committee 

Trust  Committee 

Virginia  Flora  Committee 

Ad  Hoc  Committee  on  Industry  Relations 

Ad  Hoc  Committee  to  Plan  Science  Advisory 

System 

Ad  Hoc  Committee  for  Science  Museum  of 
Virginia 

Ad  Hoc  Committee  on  the  Nation’s  Bicentennial 
Ad  Hoc  Committee  for  State  Science  Teachers 
Conference 

Visiting  Scientists  Program 
There  being  no  further  business,  the  Academy 
Conference  was  adjourned  at  12:20  p.m. 
Respectfully  recorded, 

Ralph  A.  Lowry 
Secretary 


The  Academy  Assembly 
May  8,  1975 

Following  the  Annual  Banquet,  the  Virginia 
Academy  of  Science  Assembly  was  convened  at  8:30 
p.m.  on  May  8,  1975,  in  Chandler  Hall,  Madison 
College,  Harrisonburg,  Virginia,  with  President 
Wisman  presiding.  Dr.  Ronald  E.  Carrier,  President 
of  Madison  College  opened  the  Assembly  with  a  few 
welcoming  remarks. 

Presentation  of  awards  were  as  follows: 

Honorary  Life  Membership  Award: 

A.  B.  Massey,  VPI&SU 
Academy  Fellows: 

Franklin  F.  Flint,  Randolph-Macon 
Woman’s  College 

Horton  H.  Hobbs,  Jr.,  U.  S.  National 
Museum,  Washington,  D.  C. 

Michael  Kosztarab,  VPI&SU 
Vera  B.  Remsburg,  Herndon  High  School 
William  E.  Trout,  Jr.,  University  of  Rich¬ 
mond 

W.  Peter  Trower,  VPI&SU 

Edward  F.  Turner,  Jr.,  Washington  and  Lee 

University 

Ivey  F.  Lewis  Distinguished  Service  Award: 

Edward  S.  Harlow 
J.  Shelton  Horsley  Research  Award: 

Roddy  V.  Amenta,  Madison  College,  for  the 
paper  entitled 

“Multiple  Deformation  and  Metamorphism 
from  Structural  Analysis  in  Eastern  Penn¬ 
sylvanian  Piedmont” 

Dr.  William  J.  Darby,  President  of  the  Nutrition 
Foundation,  New  York,  delivered  the  Sidney  S. 
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Negus  Memorial  Lecture:  “Role  of  Science  and 
Technology  in  Meeting  World  Food  Needs.” 

New  Academy  Officers  were  installed: 

President:  Dr.  Arthur  W.  Burke,  Jr.,  MCV-VCU 
President-elect:  Dr.  W.  Allan  Powell,  University  of 
Richmond 

Secretary:  Dr.  Ralph  A.  Lowry,  University  of 
Virginia 

Treasurer:  Dr.  Dale  V.  Ulrich,  Bridgewater  Col¬ 
lege 

Respectfully  recorded, 

Ralph  A.  Lowry 

Secretary 


Council  Meeting,  May  9,  1975 

Mr.  J.  W.  Midyette,  Jr.,  Chairman  of  the  Constitu¬ 
tion  and  Bylaws  Committee  submitted  the  following 
bylaws  changes: 

1.  Amend  Article  I;  Types  of  Membership  and 
Dues 

Section  5:  Delete  current  wording  and  substitute 
following: 

Honorary  life  members  shall  consist  of  persons 
elected  by  the  Council  for  long  and  dis¬ 
tinguished  service  to  science.  They  shall  have 
all  the  rights  and  privileges  of  regular 
members  and  shall  be  exempt  from  dues. 
Previous  active  membership  in  this  organiza¬ 
tion  shall  not  be  an  eligibility  requirement. 

2.  Amend  Article  III;  Duties  of  Standing  Commit¬ 
tees  as  follows: 

a.  Add  to  Section  3.  The  Junior  Academy  of 
Science  Committee  shall: 

(13)  Canvass  colleges  and  universities 
for  scholarships  available  to  Science 
Talent  Search  Finalists. 

(14)  Forward  list  of  available  scholarships 
to  all  high  school  sponsors  that  have  re¬ 


quested  applications  for  the 
Westinghouse  Science  Talent  Search. 

(15)  Secure  list  of  Virginia  contestants  from 
Science  Clubs  of  America  and  establish 
a  committee  to  select  best  45  papers. 

(16)  Set  up  procedures  for  selecting  the  top 
15  students  and  declare  and  announce 
them  to  be  State  Winners  in  the 
Virginia  Science  Talent  Search,  and  all 
other  contenders  as  runners-up. 

(17)  Send  names  of  winners  and  runners-up 
to  colleges  and  universities  in  Virginia. 

b.  Delete  Section  11  of  Article  III. 

c.  Re-number  Section  12  as  Section  11,  Section 
13  as  Section  12. 

3.  Amend  Article  VI,  as  follows: 

a.  Delete  (11)  Science  Teachers  and  add  in  lieu 
of  (11)  Education. 

b.  Add  (15)  Environmental  Science. 

4.  Amend  Article  IX:  Executive  Secretary-Treas¬ 
urer  as  follows: 

Section  4.  Delete  present  wording  and  substitute 
the  following: 

The  incumbent  of  this  position  shall  attend  all 
Council  and  Executive  Committee  Meetings 
and  may  participate  in  all  deliberations  as 
circumstances  dictate,  but,  shall  not  have  a 

vote  in  either  body. 

5.  Add;  Article  X:  Visiting  Scientists  Program 
Director. 

Section  1.  The  position  of  Visiting  Scientists 
Program  Director  is  hereby  established  for  the 
purpose  of  implementing  a  Visiting  Scientists 
Program  in  cooperation  with  the  State  Board  of 
Education. 

Section  2.  The  Executive  Committee  upon 
recommendation  of  the  President  shall  select  a 
qualified  person  for  this  position  and  approve 
guidelines  for  the  conduct  of  the  program. 
Section  3.  The  incumbent  of  this  position  shall 
serve  at  the  pleasure  of  the  Executive  Commit¬ 
tee,  subject  to  review  by  Council. 

The  changes  were  adopted  by  Council. 

Mr.  Stanley  Ragone  was  elected  to  the  Trust  Com¬ 
mittee  for  a  three-year  term. 


40 


The  Virginia  Journal  of  Science 


Abstracts  of  Papers 

Section  of  Agricultural  Sciences 

Fifty-third  Annual  Meeting  of  the  Virginia 
Academy  of  Science,  May  6-9,  1975,  Harrisonburg,  Virginia 


Proceedings,  1974-1975 


41 


42 


The  Virginia  Journal  of  Science 


Proceedings,  1974-1975 


43 


44 


The  Virginia  Journal  of  Science 


Proceedings,  1974-1975 


45 


46 


The  Virginia  Journal  of  Science 


Proceedings,  1974-1975 


47 


Abstracts  of  Papers 

Section  of  Astronomy, 
Mathematics,  and  Physics 

Fifty-third  Annual  Meeting  of  the  Virginia 
Academy  of  Science,  May  6-9,  1975,  Harrisonburg,  Virginia 


SOME  QUICKIE  PHYSICS  DEMONSTRATIONS.  D.  Rae 
Carpenter ,  Jr . ,  Department  of  Physics,  Virginia 
Military  Institute,  Lexington,  Va.  24450 

Some  of  the  most  elegant  demonstrations  from  a 
pedagogic  point  of  view  are  the  simplest  and 
quickest  to  show.  Several  will  be  given: 

a.  Use  of  an  engraved  steel  ruler  as  a 
reflection  grating  with  the  laser  including 
the  effect  of  different  length  rulings 

b.  A  wooden  block  with  felt  tip  pens  on  a 
strip  of  wrapping  paper  to  illustrate 
uniform  motion  of  center  of  mass  of  a 
rotating  object 


PHOTOIONIZATION  CROSS  SECTION  OF  THE  3p  GROUND  STATE  OF 
NEUTRAL  CARBON.  S.  L.  Carter*  and  H.  P.  Kelly*.  Dept,  of 
Physics,  University  of  Va.,  Charlottesville,  Va.  22901 

The  photoionization  cross  section  of  the  2p  and  2s  sub¬ 
shells  of  the  3P  ground  state  of  neutral  carbon  has  been 
calculated  including  correlation  effects.  Resonances  due  t 
the  Is2  2s  2p2  np  autoionizing  configurations  and  two- 
electron  resonances  from  the  Is2  2sZ3s3p  and  Is2  2s2  3p3d 
configurations  were  calculated.  Detailed  agreement  is 
obtained  with  the  experimental  data  of  Esteva,  Mehlman- 
Balloffet,  and  Romand.  (Supported  by  National  Science 
Foundation) 


c.  Conservation  of  angular  momentum  with  the 
balance  wheel  of  a  pocket  watch  using  a 
laser  with  a  long  optical  lever. 


AN  ANALYTICAL  AND  EXPERIMENTAL  STUDY  OF  6APITANCE  MICRO¬ 
PHONES.  Norman  Cohen*,  Department  of  Physics  &  Geophysical 
Sciences,  Physics  Research  Labs,  Old  Dominion  University, 
Norfolk,  Virginia  23508. 

The  objective  of  this  research  is  to  develop  a  high  temp¬ 
erature  transducer  (800°F)  capable  of  measuring  pressure 
fluctuations  within  the  exhaust  of  a  jet  aircraft.  To 
measure  these  fluctuations,  a  prototype  capacitance  micro¬ 
phone  cartridge  has  been  constructed,  and  preliminary  tests 
have  been  conducted.  A  microphone  carrier  system  with 
automatic  tuning  to  compensate  for  sensitivity  to  tempera¬ 
ture  changes,  and  half  wavelength  cable  for  remote  location 
of  electronics  are  being  used.  Response  curves  at  room 
temperature  and  pressure  are  compared  to  those  predicted 
by  theory. 


ACTIVATION  ANALYSIS  AS  AN  ARCHAEOLOGICAL  TOOL. 
Frederick  C.  Davison,  Jr.,*  Dept,  of  Physics,  VMI , 
Lexington,  Va.  24450- 

Neutron  activation  analysis  has  proved  to  be  a 
useful  method  for  archaeologists  in  determining 
trace  element  composition  in  ancient  ceramics.  By 
comparing  analyses  of  clay  artifacts  with  modern 
day  sources,  it  is  possible  to  determine  the 
location  of  manufacture  of  certain  ancient  objects. 
He  have  used  this  technique  to  analyze  3100  year 
old  artifacts  of  the  Olmec  culture,  which  pros¬ 
pered  in  the  central  and  highland  regions  of 
Mexico.  Broken  clay  figurines  were  obtained  from 
four  Olmec  sites.  Each  of  these  figurines  was 
drilled  with  a  carbide  bit,  then  the  sample 
material  was  collected  and  packaged  for  irradia¬ 
tion  in  the  University  of  Virginia's  research 
reactor.  By  normalizing  with  known  standards, 
trace  element  composition  has  been  determined.  The 
comparison  of  results  has  made  it  possible  for 
artifacts  from  one  area  to  be  traced  to  the 
original  site  of . manufacture .  This  has  provided 
evidence  to  archaeologists  in  the  determination  of 
trade  routes  and  conceivably  could  lead  to  the 
discovery  of  the  origin  of  Central  American 
ci vi 1 i zati on  . 
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ONE  CALL,  COVERS  IT  ALL 
William  Horton,  Jeffrey  Baxley,  Y.  P.  Hwu 
Wytheville  Community  College 
Use  Inertia  Wheel  to  verify  some  relations  on  the 
motion  of  a  particle  and  the  motion  of  a  rigid  body, 
and  also  some  relations  between  angular  and  linear 
quantities. 


MULTIPLE  USE  OF  A  SPARK  TIMER 
Sidney  L.  Kitts,  Randy  Felts,  Y.  P.  Hwu 


NONLINEAR  CAPILLARY  INSTABILITY  AND  BREAKUP  OF  LAMINAR 
LIQUID  JETS.  P.  Lafrancet  Dept,  of  Physics,  Univ.  of  Va., 
Charlottesville,  VA  22901, 

A  perturbation  analysis  of  the  capillary  instability  of 
an  inviscid  liquid  jet  was  carried  out  to  third  order.  The 
results  show  that  the  nonlinear  terms  are  responsible  for  the 
presence  of  satellite  drops.  A  computer  implementation  of 
this  theory  shows  that  predicted  surface  wave  profiles,  dis¬ 
turbance  amplification  rates  and  drop  sizes  are  in  substan¬ 
tial  agreement  with  experimental  data. 

Experiments  were  performed  to  measure  the  size  of  drops 
resulting  from  the  capillary  breakup  of  laminar  liquid  jets. 
Random  noise  was  used  as  a  perturbation  and  the  drop  spec¬ 
trometer  measured  the  resulting  drop  size  distributions. 

These  distributions  are  bimodal  and  correspond  to  the  two 
species  of  drops  predicted  by  the  nonlinear  theory. 


Wytheville  Community  College 
Spark  timer  has  been  used  to  verify: 


1.  conservation  of  mechanical  energy 


2.  simple  pendulum  as  a  simple  harmonic 
motion 


Electron  Spectroscopy  with  an  Automated 
Detection  System.  David  Nicholson,  Bob  Chiaviello 
and  W.  Barlow  Newbolt;  Washington  and  Lee  Uni  vers 
ty..  During  the  summer  of  1975,  Ed  Turner  and 
Brian  Whitehurst  developed  the  software  and  the 
computer  interfaces  necessary  to  use  the  surplus 
D17B  to  control  a  single  channel  analyzer  and  stori 
the  total  counts  obtained  for  each  channel.  We 
have  adapted  that  system  for  use  with  a  small,  Li- 
drifted,  silicon  detector  to  measure  internal  con¬ 
version  lines  and  beta  spectra.  Although  we  have 
had  some  difficulty  dividing  the  energy  scale  fine 
enough  to  study  conversion  lines,  our  measurement 
of  the  beta  spectrum  of  °°Co  indicates  that  this  i: 
reasonably  good  way  to  study  beta  spectra. 


ly 


ELECT|0N  EXCITATION  OF  HYDROGEN.  M.  S.  Pindzola  and  H.  P. 
Kelly  ,  Dept,  of  Physics,  Univ.  of  Va. ,  Charlottesville,  Va. 
22901 

The  2s  and  2p  excitation  cross  sections  for  electron 
scattering  on  hydrogen  in  the  energy  range  from  threshold  to 
50  eV  are  calculated  by  two  similar  methods.  The  distorted- 
wave  method  using  Hartree-Fock  continuum  wave  functions  in 
the  frozen-core  approximation  is  applied.  The  effect  of 
calculating  the  distorted  waves  in  the  potential  of  the 
initial  or  final  state  is  investigated.  The  imaginary  part 
of  the  optical  potential,  or  self-energy  of  the  single 
particle  Green's  function,  is  also  calculated  in  lowest  order 
by  the  use  of  many-body  diagrams.  Comparison  is  made  with 
recent  experimental  results.  (Research  supported  by  NSF) 


PAIR  REACTANCE  AND  QUASIPARTICLE  CONDUCTANCE  OF  A  PHASE 
BIASED  SUPERCONDUCTING  WEAK  LINK.  Robert  Rifkin*  and 
Bascom  S.  Deaver,  Jr.,  Physics  Dept.,  Univ.  of  Virginia, 
Charlottesville,  Virginia  22901. 

The  current  flow  between  two  weakly  coupled  superconduc¬ 
tors  was  shown  by  Josephson  to  be  given  by 
I  =  Ic  sin  <|>  +G0  (1+a  cos*)  V, 
and  d£  _  2eV 

dt  -K  '  re 

Ic  is  the  critical  current  of  the  weak  link,  V  the  voltage 
across  it,  *  the  quantum-mechanical  phase  difference  across 
the  link,  and  the  coefficient  of  V  can  be  considered  to  be 
a  phase  dependent  quasiparticle  conductance.  The  first 
term  is  the  pair  current  and  corresponds  to  the  current  flow 
through  an  effective  inductance  L  =  «K/2eIc  cos  * .  Measure¬ 

ments  of  the  impedance  of  a  Nb  point  contact  have  been  made 
and  compared  with  the  values  calculated  from  the  Josephson 
equations.  For  small  Ic  there  is  good  agreement,  but  for 
larger  Ic  the  agreement  deteriorates.  These  measurements 
indicate  that  the  coefficient  a  is  negative.  (Research 
supported  by  the  National  Science  Foundation.) 


OBSERVATION  OF  THE  CuKa  SPECTRUM  BY  MEANS  OF  A 
NEW  HIGH  RESOLUTION  TECHNIQUE,  William  C.  Sauder, 
Dept,  of  Physics,  VMI,  Lexington,  Va.  24450  and 
R.  E.  LaVilla*,  National  Bureau  of  Standards, 
Washington,  D.  C.  20234 

We  report  the  observation  of  satellite 
structure  in  the  CuKa  spectrum  arising  from  transi¬ 
tions  between  double  vacancy  states  1 s3d9-*2p53d9 
and  1  s3p5->-2p53p 5 .  This  has  been  accomplished  by 
means  of  a  double  crystal  Bragg  case  x-ray 
spectrometer  fabricated  from  a  single  crystal  of 
dislocation-free  silicon.  This  monolithic  spectro¬ 
meter,  scanned  by  rotation  of  the  device  about  an 
axis  in  the  horizontal  dispersion  plane  so  as  to 
change  the  mean  vertical  divergence  angle,  is 
characterized  by  high  dispersion  and  is  capable 
of  very  high  resolution  as  a  result  of  the 
inherent  stability  of  the  dihedral  angle  between 
the  diffracting  planes.  Experimental  and 
theoretical  results  are  discussed  and  compared. 
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ZOOPLANKTON  OF  THE  DISMAL  SWAMP  WATERS.  K.  B.  Anderson*, 

E.  F.  Benfield  and  A.  L.  Buikema,  Jr.,  Dept,  of  Biology, 

V a.  Polytechnic  Inst.,  Blacksburg,  Va.  24061 

Zooplankton  samples  and  physical/chemical  data  were 
collected  from  14  stations  on  a  six-week  schedule  from 

September  1973  through  November  1974.  Seasonal  and  station 
variation  was  observed  throughout  the  system  over  the  year. 
General  trends  in  water  chemistry  included  lower  dissolved 
oxygen  with  higher  conductivity  and  nutrient  content  in  the 
ditches  as  compared  to  the  lake.  Washington  Ditch  was  the 
most  unusual  in  comparison  with  other  stations,  particularly 
due  to  levels  of  calcium  and  pH. 

Species  identified  and  counted  from  the  zooplankton 
collections  included  five  copepods,  18  cladocera  and  61 
rotifers.  Tropocyclops  prasinus  and  Mesocyclops  edax 
(copepods)  were  dominant  in  late  summer  and  early  fall. 

Bosmina  lonqirostris  and  Diaphanosoma  leuchtenberqianum,  the 
major  cladocera,  both  peaked  in  the  spring.  Most  abundant 
rotifers  included  Svnchaeta  lonqipes,  Conochiloides 
dossurius,  and  Polyarthra  vulqaris,  all  of  which  showed 
sprinq  peaks.  Trichocera  similis  and  Keratella  cochlearis 
were  most  common  in  the  summer  and  Microcodon  clavus  was 
a  winter  form.  The  ditches  generally  showed  higher  diversity 
and  greater  variability  in  zooplankton  communities  and 
contained  many  littoral  forms.  Washington  Ditch  often 
produced  alkaline-water  forms  such  as  species  of  Brachionus 
and  Filinia. 

(Funded  in  part  by  a  grant  from  VAS)  Bio  1 

EFFECTS  OF  CONTINUOUS  LIGHT  ON  RETINAL  STRUCTURE  IN  TROGLO- 
BITIC  AND  EPIGEAN  SALAMANDERS.  Joseph  C.  Besharse.  Dept, 
of  Biological  Sciences,  Old  Dominion  Univ.,  Norfolk,  Va. 

The  eyes  of  the  Ozark  cave  salamander,  Typhlotriton 
spelaeus ,  develop  and  become  functional  in  larvae.  Blind¬ 
ness  in  transformed  adults  results  from  degeneration  of 
visual  cells  and  pigment  epithelium.  To  determine  if  reti¬ 
nal  degeneration  is  influenced  by  light,  larvae  were  induced 
to  transform  and  were  maintained  in  continuous  light  (238- 
292  lux)  or  darkness  for  111  to  366  days.  Nineteen  of  32 
D-animals  showed  retinal  degeneration  like  that  observed  in 
field-collected  adults,  whereas  only  three  of  36  L-animals 
showed  such  degeneration.  Eleven  L-animals,  however,  had 
retracted  apical  processes  of  the  pigment  epithelium  with 
normal  or  fragmented  visual  cells;  free,  pigmented  cells 
were  frequently  observed  in  the  space  between  sensory  retina 
and  pigment  epithelium.  Unlike  retinal  degeneration  in 
darkness,  these  modifications  were  limited  to  the  ventral 
retinal  field.  The  failure  to  find  such  a  "light  effect"  in 
Eurycea  longicauda  under  similar  conditions  or  in  adult 

Plethodon  cinereus  under  conditions  where  intensity  of 
illumination  was  doubled  indicates  that  the  effect  is  unique 
to  the  eyes  of  T.  spelaeus.  These  modifications  of  the 
retina  in  animals  kept  in  continuous  light  probably  represent 
an  interaction  between  the  effects  of  light  and  some  inherent  1 

feature  of  the  retinal  degeneration  process.  (Aided  in  part  ; 

by  a  grant  from  the  Old  Dominion  University  Res.  Fndn.) 
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ENERGETIC  EFFICIENCY  OF  BIRDS.  C.  R.  Blem.  Dept,  of 

Biology,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23284 

Multiple  regression  analyses  were  made  of  an  extensive 
set  (N  =  551)  of  measurements  of  the  existence  energy  of 

House  Sparrows ,  Passer  domesticus ,  collected  both  winter 
and  summer  from  twelve  widely  separated  locations  in  North 
America.  Sparrows  were  tested  in  a  factorial  experiment 
involving  five  different  foods  presented  under  three 
photoperiodic  regimes  and  a  wide  range  of  ambient 
temperature.  Energetic  efficiency  (existence  energy/energy 
intake  X  100)  is  significantly  affected  by  protein, 
carbohydrate  and  fat  content  of  the  food  provided.  When 
all  recognized  independent  variables  (twelve  in  all)  were 
considered,  protein  content  of  food  was  found  to  be  the  most 
important  factor  in  the  prediction  of  efficiency  of  energy 
utilization.  Other  significant  variables,  in  order  of 
importance  as  judged  by  standard  partial  regression 
coefficients,  are  fat  content  of  food,  ambient  temperature, 
location  from  which  birds  were  collected,  photoperiod, 
weight  change  and  season. 
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THE  EFFECT  OF  AFLATOXIN  S-\  ON  CROSSING-OVER  IN  Drosophila 
Melanooaster.  M.  A.  Booker*,  J.  P.  Chinnici,  G.  C.  Lewell.yn,  i 
Dept,  of  Biology,  Virqinia  Commonwealth  Univ.,  Richmond,  Va. 
23284. 

The  effects  of  Aflatoxin  B^ ,  a  fungal  metabolite  known  to  | 
be  carcinogenic  in  mammals,  on  viability,  developmental  time, 
sex  ratio  ,  fecundity  and  crossing-over  in  the  X  chromosome  of 
Drosophila  melanogaster  were  studied.  Female  flies  homozygous  | 
for  4  sex-linked  recessive  genes  (scute  bristles,  crossvein-  j 

less  wings,  singed  bristles  and  miniature  wings)  were  mated 
with  wild  type  males.  Resultant  eggs  were  placed  in  8  dram 
vials  containing  synthetic  medium  supplemented  with  either 

1.5  ppm  Aflatoxin  B-|  (experimental s)  or  no  Aflatoxin  (controls). 

F-j  eggs  which  eclosed  were  examined  and  virgin  females  were 
saved  for  further  crosses.  These  crosses  involved  mating 
heterozygous  F-|  females,  which  developed  on  either  experimen¬ 
tal  or  control  media,  with  mutant  males  from  stock  bottles 
and  determining  from  the  offspring  of  the  F-|  crosses,  the 
cross-over  values  for  the  3  regions  of  the  X  chromosome.  The 

F2  generation  developed  on  control  media. 

Results  of  these  studies  showd  the  following:  Aflatoxin 

B)  has  a  significant  effect  on:  (1)  reducinq  the  length  of 
female  flies  grown  on  experimental  media;  (2)  decreasing  egg- 
adult  viability  in  general  and  (3)  having  a  more  deleterious 
effect  on  males  in  particular.  Crosses  involving  the  F1 
females  showed  that  being  raised  on  aflatoxin  media  (1)  sig¬ 
nificantly  decreased  fecundity;  (2)  has  no  effect  on  the  sex  ; 

ratio  of. offspring  produced  and  (3)  has  no  effect  on  cross-  i 

ing-over  in  any  of  the  3  chromosomal  regions  studied.  Bio  4 

CYTOGENETIC  ANALYSES  OF  LYMPHOCYTE  CULTURES 

AFTER  EXPOSURE  TO  CALCIUM  CYCLAMATE.  Boone, 

Carolyn,  R.M. Knight,  C. A. Jordan,  and  E.W. 

Jemison.  Dept,  of  Life  Sciences,  Va.  State 

College,  Petersburg,  Va.  23803 

Chemically  induced  chromosomal  abberations, 
especially  breaks,  polyploidy,  and  aneu- 
ploidy  were  constantly  observed  after  5  or 

20  hours  incubation  in  10  ,  10"3,  and  10‘4 

molar  concentrations  of  calcium  cyclohexyl- 
sulfamate.  The  lymphocyte  cultures  were 
prepared  from  peripheral  blood  of  humans. 

Giemsa  staining  produced  banding  patterns 
for  microscopic  observations  and  karyotypi¬ 
ng.  Flourochromes ,  quinacrine  mustard  and 
acridine  orange  produced  variable  patterns 
of  flourescence.  Significant  differences 
were  noted  when  the  metaphase  chromosomes 
of  lymphocytes  treated  with  the  varying  con¬ 
centrations  of  calcium  cyclamate  were  com¬ 
pared  with  the  control.  (Supported  by 

Minority  Biomedical  Support  Program) 
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A  STUDY  TO  DETERMINE  THE  NUMBER  OF  ORGANISMS  REQUIRED  PER 

SAMPLE  TO  ACCURATELY  MEASURE  THE  SEQUENTIAL  COMPARISON  INDEX 

AND  THE  PATRICK  HENRY  COMMUNITY  COLLEGE  MODIFICATION  OF  THAT 
METHOD.  John  F.  Bryant,  Robert  P.  Osborne,  Steven  D.  Mason, 
Donald  B.  Minter,  and  James  W.  McIntosh,  Jr.  Dept,  of 

Biology,  Patrick  Henry  Comnty.  Col.,  Martinsville,  Va.  24112 

Samples  of  macroinvertebrate  benthic  fauna  were  taken 
with  the  Surber  sq.  ft.  sampler  between  Jan.  and  March  1975 
from  selected  sites  on  the  upper  Smith  River  and  Rock  Castle 
Creek  in  Patrick  County,  Va.  Each  collection  consisted  of 
five  (5)  two  sq.  ft.  samples  of  each  site. 

Two  diversity  indices  were  computed  for  each  sample: 

The  Cairns  Sequential  Comparison  Index  and  the  Patrick  Henry 
College  modification  of  the  Cairns  SCI.  It  was  found  that 
the  mean  difference  between  the  two  was  9.2%. 

A  comparison  between  the  diversities  of  large  (up  to  400 
specimens)  and  small  (less  than  200  specimens)  samples  was 
also  made.  Modified  diversity  indices  were  computed  for 
individual  and  combined  samples  of  the  same  collections. 

With  individual  sample  size  varying  up  to  400  organisms,  the 
mean  fluctuation  of  the  diversity  was  4.6%.  This  indicates 
that  a  reliable  diversity  index  can  be  obtained  from  the 
modified  method  using  samples  of  less  than  200  specimens. 
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THE  EFFECTS  OF  AN  INTERSTATE  HIGHWAY  UPON  MOVEMENT  PATTERNS 

OF  SMALL  RODENTS.  Michael  H.  Gerardi*  and  J.  Elwood  Fisher, 
Dept,  of  Biol.,  Madison  College,  Harrisonburg,  Va.  22801. 

Studies  between  May,  1973  and  February,  1974  on  the 
effects  of  an  interstate  highway  system  upon  the  movement 
patterns  of  representatives  of  Peromyscus  maniculatus  and 
Reithrodontomys  humulis  which  inhabit  areas  immediately 
paralleling  these  roads  suggest  that  these  rodents  (1) 
rarely  transverse  the  highway;  (2)  do  so  only  during 
periods  of  population  stress;  (3)  use  avenues  whereby  they 
avoid  direct  contact  with  the  road  surface,  such  as  drainage 
pipes  and  overpass  girders;  and  (4)  develop  a  home  range 
which  does  not  overlap  the  highway.  Furthermore,  more  males 
cross  than  females,  likely  because  they  have  a  more  extended 
movement  pattern.  The  median  strip  does  not  appear  to 
harbor  a  native  population;  however,  amount  and  type  of 
vegetation  in  the  median  may  have  some  effect  on  movement  to 
and  from  the  median. 

LEAD  LEVELS  IN  VEGETATION  AND  SOILS  NEAR  HIGHWAYS  OF  VARIOUS 
TRAFFIC  DENSITIES.  C.  D.  Goldsmith  Jr.*,  and  P.  F.  Scanlon. 
Dept.  Fisheries  and  Wildlife  Sciences,  Va.  Poly tech.  Inst, 
and  State  Univ.  Blacksburg,  Va.  24061 

Soil  and  vegetation  samples  were  taken  at  distances  of 

3m,  6m,  12m  and  18m  from  four  highways  of  various  traffic 
densities.  Traffic  densities  were  (A)  23,000  vehicles/day 
(B)  9,000  vehicles  per  day  (C)  1,000  vehicles/day  and  (D) 
an  intersection  with  12,000  vehicles/day  on  each  route. 

Samples  were  assayed  for  lead  using  an  atomic  absorption 
spectrophotometer.  Lead  concentrations  (ug/g)  in  soil 
ranged  from  87.3  at  6m  to  47.4  at  18m  (Area  A)  and  from 

22.4  at  3m  to  27.5  at  18m  (Area  C).  Soil  lead  levels  tended 
to  increase  with  traffic  density  and  to  decline  as  distance 
from  the  highway  increased.  Mean  plant  lead  levels  (ug/g) 
ranged  from  69.9  at  6m  to  29.0  at  18m  (Area  A)  and  from  22.4 
at  3m  to  15.0  at  18m  (area  C) .  Lead  levels  in  vegetation 
tended  to  be  highest  where  traffic  density  was  highest  and 
tended  to  decline  as  distance  from  the  highway  increased. 
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THE  GROWTH  OF  MYCELIAL  MATS  OF  ASPERGILLUS  ORNATUS  (RAPER) 

ON  LIQUID  CULTURE.  R.  T.  Goodwin*,  and  B.  W.  Coursen*. 

Dept,  of  Biology,  College  of  William  and  Mary,  Williamsburg, 

Va.  23185 

The  activity  of  the  enzyme,  o-pyrocatechuic  acid  carboxy- 
lyase  was  measured  in  mycelial  mats  of  Aspergillus  ornatus 
after  a  single  induction  with  tryptophan  in  an  attempt  to 
correlate  changes  in  the  induction  of  this  enzyme  with  the 
age  of  the  organism.  Changes  in  the  pH  and  glucose  concen¬ 
tration  of  the  liquid  growth  medium  were  measured  throughout 
the  experiment.  Measurements  of  the  dry  weight,  total  DNA 
content,  and  total  protein  of  the  mycelial  mats  were  also 
made  to  correlate  changes  in  these  growth  parameters  with 
the  induction  of  the  enzyme.  No  significant  changes  in  the 
external  environment  of  the  organism  were  evident  after  l6 
days.  Growth  continued  linearly  throughout  the  experiment, 
but  induction  of  the  enzyme  was  lost  after  5  days.  In  10- 
day  old  mats  the  basal  level  increased,  but  at  15  days  both 
the  basal  and  induced  levels  of  the  enzyme  were  extremely 
low. 

GROSS  MORPHOLOGY  OP  THE  REPRODUCTIVE  TRACT  OF  THE 
TROPICAL  CLIMBING  RAT  TYL0MY5  NUDICAUOUS.  i*.  R. 

Haas .  P.  L,  Dalbv,  and  P.  P.  Scanlon,  Depts.  of 
Biology  and  Fisheries  and  Wildlife,  VPI  ft  SU, 
Blacksburg,  Va.  24061. 

The  tropical  climbing  rat  is  unique  because  of 
its  tractability ,  unusual  behavioral  and  morpho¬ 
logical  adaptations  for  an  arboreal  existence,  and 
because  of  certain  peculiar  reproductive  features. 
Gross  morphology  of  the  female  reproductive  tract 
is  described  and  compared  with  that  of  the  labora¬ 
tory  rat,  Rattus  norvegicus.  and  several  genera 
related  to  Tvlomvs.  The  following  measurements 
and  observations  were  taken  from  the  female 
climbing  rats;  ovarian  dimensions,  number  and  size 
of  corpora  lutea,  uterine  horn  length,  cervical 
length,  vaginal  length,  and  urethral  length.  Of 
most  interest  is  the  length  of  the  urethra,  nearly 
comparable  to  that  of  the  male,  and  also  the  high 
number  (10-29)  of  well-developed  corpora  lutea 
present  in  the  ovaries. 
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FACTORS  AFFECTING  THE  QUALITY  OF  THE  RECREATIONAL  ANGLING 
EXPERIENCE.  Ed  L.  Hampton  and  Robert  T.  Lackey.  Department 
of  Fisheries  and  Wildlife  Sciences,  Virginia  Polytechnic 
Institute  and  State  University,  Blacksburg,  Virginia  24061. 

Fisheries  managers  have  long  operated  under  the  assump¬ 
tions  that  pounds  or  numbers  of  fish  caught  (MSY)  or  time 
spent  fishing  (angler-days)  were  accurate  measures  of  fish¬ 
eries  output.  However,  many  fisheries  scientists  today 
advocate  development  of  a  multidimensional  output  measure 
which  would  incorporate  social,  aesthetic,  and  psychological 
factors.  The  present  study  was  undertaken  to  delineate  and 
determine  the  relative  importance  of  ten  items  affecting  the 
quality  of  angling  as  perceived  by  Virginia  fee-fishermen. 

A  self-administered  questionnaire  employing  a  modified 

Likert  scale  was  used  to  evaluate  the  ten  quality-related 
items.  A  factor  analysis  was  run  which  resulted  in  4  factors 
relating  to  the  quality  of  fee-fishing.  The  factors  were 
attractiveness  of  the  fishing  site,  amount  of  fishing, 
satisfaction,  and  improvements  needed.  The  4  factors,  when 
combined  with  the  mean  importance  scores,  indicate  that  the 
quality  of  fee-fishing  is  multidimensional  and  not  dependent 
solely  on  catch.  These  findings,  coupled  with  similar 
studies,  indicate  that  fisheries  managers  need  to  reexamine 
their  historical  objectives  and  begin  considering  fisheries 
output  in  terms  other  than  MSY  and  angler-days.  (Supported 
by  the  United  States  Department  of  Agriculture) 

GLYCOGEN  METABOLISM  DURING  DIFFERENTIATION  OF  DICTYOSTELIUM 
DISCOIDEUM.  J.  F.  Harris  and  C.  L.  Rutherford.  Dept,  of 
Biology,  Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg, 

Va.  24061 

In  our  laboratory  an  ultramicrochemical  technique  is 
employed  to  assay  tissue  samples  of  the  various  cell  types  in 
a  single  organism  at  the  developmental  stage  of  interest. 

The  technique  utilizes  tissue  samples  of  0.1  yg.  dry  weight 
and  reaction  volumes  of  0.1  pi.  Enzyme  and  substrate  levels 
are  amplified  by  a  method  of  enzymatic  cycling  employing 
pyridine  nucleotides.  Our  current  studies  of  glycogen  turn¬ 
over  and  conversion  to  cell  wall  material,  as  related  to  dif¬ 
ferentiation,  indicate  a  decrease  in  glycogen  synthetase  ac¬ 
tivity  from  tip  to  base  of  the  developing  stalk.  The  re¬ 
quirement  for  soluble  glycogen,  as  a  primer,  decreases  during 
development  of  spore  cells.  The  data  suggest  a  change,  from 
soluble  glycogen  primer  dependent  glycogen  synthetase  and 
soluble  product,  to  soluble  glycogen  primer  independent  en¬ 
zyme  activity  and  insoluble  product  formation  during  develop¬ 
ment.  We  observe  a  20-fold  increase  in  the  specific  activity 
of  the  degradative  enzyme,  glycogen  phosphorylase ,  as  the 
organism  develops  from  myxamoeba  to  culmination  with  a  cor¬ 
responding  decrease  from  culmination  to  sorocarp.  Assays  of 
specific  cell  types  show  an  increasing  phosphorylase  activ¬ 
ity  as  pre-stalk  cells  migrate  into  the  apex  of  the  develop¬ 
ing  culmination.  In  sorocarp  the  activity  is  low  in  all 
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sections  of  the  stalk.  At  sorocarp  both  cell  types  have  low 
phosphorylase  activity.  Bio  24 
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THE  APPLICATION  OF  MANNED  UNDERSEA  SCIENCE  AND  TECHNOLOGY 
TO  CHESAPEAKE  BAY  RESEARCH  PROBLEMS.  M.  P  Lynch,  Virginia 
Institute  of  Marine  Science,  Gloucester  Point,  Va.  23062 

Manned  undersea  science  and  technology  which  encompasses 
use  of  manned  underwater  platforms  (habitats  and  submersi- 
bles)  and/or  divers  has  been  extensively  applied  to  research 
problems  of  the  tropical  Atlantic  (habitats  HYDROLAB,  PRINUL, 
TEKTITE)  and  to  northwest  fisheries  problems  (submersibles 
ALVIN,  NEKTON  GAMMA).  Although  divers  have  been  used  on 
some  research  projects  in  estuarine  and  nearshore  projects 
in  the  mid-Atlantic,  no  concerted  effort  to  apply  manned 
undersea  technology  has  been  encouraged  by  federal  funding 
initiatives  until  recently. 

The  area  and  volume  of  Chesapeake  Bay  and  tributaries  are 
approximately  11,220  Km2  and  74  Km3  respectively.  Because 
of  its  shallow  nature  (79%  of  the  volume  and  81%  of  the  area 
is  30  ft.  or  less  in  depth)  manned  platforms  are  not  suited 
for  this  area.  Undersea  instrument  chambers  (USIC's)  and 
divers  are  considered  to  have  strong  potential  for  use  in 
the  area. 

Limiting  factors  are  poor  visibility,  low  winter  tempera¬ 
tures  (2.5°-4°C)  and  stinging  nettles  (Chrysaqra  quinque- 
cirrha)  during  summer  months.  Despite  these  difficulties 
a  number  of  techniques  developed  and  tested  in  habitat 
operations  are  believed  to  have  excellent  potential  for 
providing  insight  into  Chesapeake  Bay  problems.  Supported  by: 
Manned  Undersea  Science  and  Technology  (MUS&T)  program,  U.S. 
Dept,  of  Commerce,  NOAA.  Bio  37 


CHANGES  IN  DROSOPHILA  CULTURES  RAISED  IN  A  MAGNETIC 
FIELD.  James  H.  Martin.  J.  Sargeant  Reynolds 
Community  College.  Richmond,  Virginia  23230. 

Using  instant  media  and  standard  plastic  culture 
vials,  wild  type  Drosophila  were  raised  in  the  pole 
gaps  of  permanent  magnets.  Magnets  were  obtained 
from  government  surplus  and  wild  type  flies  were 
obtained  from  class  stock  cultures. 

Only  F^'s  were  observed  and  observation  was  made 
on  differences  in  gross  morphology,  sex  ratios,  and 
maturation  time. 

As  with  similar  experiments  performed  by  other 
investigators  using  comparable  magnetic  field 
strengths  and  gradients ,  there  was  no  observable 
difference  between  control  and  experimental  groups. 

A  single  anomaly  which  has  not  been  repeated 
occured  in  one  experimental  vial.  The  sex  ratio 
was  approximately  2  females  to  1  male  in  a  total 
of  821  flies. 


ENVIRONMENTAL  ASSESSMENT:  A  COMPARISON  OF  APPROACHES  AND 
METHODS.  Gary  F.  Martel  and  Robert  T.  Lackey,  Department 
of  Fisheries  and  Wildlife  Sciences,  Virginia  Polytechnic 
Institute  and  State  University,  Blacksburg,  Virginia  24061. 

Federal  law  requires  that  all  major  federally-supported 
projects  be  studied  in  relation  to  their  impact  on  the  en¬ 
vironment.  Development  of  a  rapid  means  of  assessing  envir¬ 
onmental  impact  would  be  of  great  value,  however  attempts 
have  failed  to  prove  themselves  satisfactory.  Some  of  the 
reasons  for  previous  failure  have  lain  in:  (1)  use  of  value 
judgments  in  making  determinations;  (2)  lack  of  final  impact 
value  on  which  to  base  comparisons;  and  (3)  lack  of  weighting 
factors  to  separate  important  from  less  important  impacts. 

One  possible  improvement  to  the  present  strategies  is  through 
the  use  of  objective  ranking  as  used  in  decision-making  and 
industry. 

Achieved  in  a  three-step  process,  the  procedure  would 
first  use  subjective  input  to  rank  environmental  subgroups 
as  to  their  importance  to  environmental  quality.  Different 
project  alternatives  would  then  be  evaluated  in  relation  to 
the  environmental  subgroups,  thus  setting  up  a  second  matrix. 
The  third  step  is  to  combine  the  two  matrices  by  multiplying 
the  average  subjective  input  from  step  one  by  the  block 
values  for  project  alternatives,  which  yields  a  multidimen¬ 
sional  matrix  capable  of  decreasing  subjectivity  in  assess¬ 
ment,  and  establishing  a  firm  base  for  further  evaluation. 
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CUTANEOUS  WATER  LOSS  DURING  THE  DEVELOPMENT  OP 
THERMOREGULATION  IN  JAPANESE  QUAIL.  P.M.A. 

McHabb*  and  R.A.  McNabb.  Dept,  of  Biology Va. 
Polytechnic  Inst,  and  State  Univ. ,  Blacksburg, 

Va.  24061. 

The  water  permeability  of  Japanese  quail  skin 
was  measured  as  water  loss  to  a  dessicant-filled 
glass  capsule  closely  applied  to  the  skin  surface. 
By  13  days  of  age,  skin  permeability  approximates 
that  of  adults,  a  43%  decrease  from  the  permeabil¬ 
ity  level  of  hatchling  skin.  Measurements  of 
histological  sections  indicate  that  the  thickness 
of  the  cornified  layer  of  quail  skin  increases  by 
84%  in  ventral  skin  and  42%  in  dorsal  skin  during 
this  time  period.  Preliminary  studies  of  evapor¬ 
ative  water  loss  in  an  open  flow  system  indicate 
that  cutaneous  water  losses  account  for  about  60% 
of  the  total  evaporative  water  loss  in  quail 
hatchlings.  Thus,  cutaneous  water  loss  appears 
to  be  a  significant  avenue  of  heat  loss  in 
hatchling  quail,  but  is  markedly  reduced  by  the 
time  they  become  homeothermic  at  about  two  weeks 
of  age. 

Supported  by  NSF  Grant  GB37966. 


EFFECTS  OF  DIETARY  EXPOSURE  TO  PCB  ON  TESTICULAR  CHARACTER¬ 
ISTICS,  ORGAN  WEIGHTS,  AND  PLASMA  CORTICOIDS  OF  MALE  WHITE¬ 
FOOTED  MICE.  M.  H.  Merson*  and  R.  L.  Kirkpatrick,  Dept,  of 
Fisheries  and  Wildl.  Sci.,  V.P.I.&S.U. ,  Blacksburg,  Va. 24061 
Male  white-footed  mice  (Peromyscus  leucopus)  received  0, 
100,  or  200  ppm  Aroclor  1254  in  the  diet  for  four  weeks.  The 
animals  were  caged  singly  and  fed  ad  libitum.  Blood  was 
collected  upon  sacrifice  and  organs  (except  testes)  were 
preserved  in  10%  formalin  until  weighed.  There  were  no 
significant  effects  upon  paired  adrenal  and  paired  testes 
weights,  body  weight  change  or  plasma  corticoid  levels 
(P<0.05)  due  to  PCB  treatment.  Liver  weights  were  signifi¬ 
cantly  increased  due  to  PCB  treatment  (P<0.01).  Spleen 
weights  (X+S.E. )  for  the  0,  100,  and  200  ppm  groups  were 
30.4+2.73,  37.8+2.6a>b,  41.9+4.5b  mg,  respectively ._Seminal 

vesicle  weights  for  the  0,  100,  and  200  ppm  groups  (X+S.E.) 
were  159. 0+20. 5a, 111. 8+13. 0a,b,  and  95. 1+16. 0b  mg,  respec¬ 
tively.  Values  with  different  superscripts  were  signifi¬ 
cantly  different  (P<0.05).  Spermatozoa/mg  testis  and  total 
spermatozoa/ testis  tended  to  decrease  with  PCB  treatment 
(P<.18) .  (Supported  by  PHS  Grant  No.  R01-ES00863) . 
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ANTLER  SHEDDING  TIMES  FOR  WHITE-TAILED  DEER  IN  DIFFERENT 
REGIONS  OF  VIRGINIA.  R.  E.  Mirarchi,*  M.  D.  Russell,* 

P.  F.  Scanlon,  and  R.  L.  Kirkpatrick.  Dept,  of  Fisheries 
and  Wildlife  Sciences,  Va.  Polytechnic  Inst,  and  State 
Univ.,  Blacksburg,  Va.  24061. 

White-tailed  deer  (Odocoileus  virginianus)  from  two 
confined  herds  at  the  Radford  Army  Ammunition  Plant  lands 
at  Dublin  (D)  and  Radford  (R) ,  in  southwest  Virginia  were 
observed  to  determine  the  timing  of  antler  casting  during 
1974-75.  Similar  observations  were  made  on  the  Naval 
Weapons  Supply  Station  lands  at  Cheatham  Annex  (CA)  and 
Yorktown  (Y)  in  southeast  Virginia  during  the  same  time 
period.  The  proportion  of  deer  seen  with  antlers  cast 
was  determined  at  weekly  intervals  for  (R)  and  (D)  and  on 
two  occasions  at  (CA)  and  (Y) .  Earliest  reported  antler 
loss  was  6  December  in  southwest  Virginia  and  14  December 
in  southeast  Virginia.  Antlers  were  lost  by  approximately 
90%  of  the  deer  in  all  study  areas  in  southwest  and 
southeast  Virginia  by  25  January.  Latest  incidence  of 
a  deer  bearing  antlers  was  31  January  (R) .  Results 
indicate  that  antler  shedding  is  underway  while  the 
antlered  hunting  season  is  in  progress  in  the  eastern 
regions  of  the  state.  While  results  indicate  some 
differences  in  the  timing  of  antler  shedding  from 
available  literature  reports, there  appears  to  be  little 
difference  between  study  areas  in  southeast  and  southwest 
Virginia.  (Supported  by  Mclntire-Stennis  Project 
No.  636201).  Bio  42 
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Abstracts  of  Papers 

Section  of  Botany 


Fifty-third  Annual  Meeting  of  the  Virginia 


Academy  of  Science,  May  6-S 

•  ,  1975,  Harrisonburg,  Virginia 

R.V  Adams*.  L.  B.  Barnett,  and  J.  A.  Raras^*.  Depts.  of 

Sarah  P.  Panic oner  and  Marlin  P,  Krouse?  P.’o.  3ox  2, 

Stras'ourg,  Virginia,  22657. 

The  United  States  has  70  some  species  of  native  orchids. 
Virginia  has  50  some  species  and  20  are  found  in  the 

tions  prepared  from  embryos  during  the  first  3  days  of  ger- 

for  cool  habitats  for  plants  and  animals,  are  all  posing 

BRYOPHYTES  OF  A  P 1 EDMONT  FLOODPLAIN.  D.A.  Bret S .  Dept. 

Natural  Sciences,  Longwood  College,  Farmvllle,  Va.  23901 

Bryophy+es  were  collected  on  the  densely  wooded  flood- 
plain  of  the  Bush  River  near  Farmvllle,  Va.  Dominant 
trees  of  this  forest  Include  river  birch  (Betula  nigra). 

+  Collections  of ^bryophytes  were  made  along  four  parallel 

(2)  logs/n?  trees, 'arn^U)  soTra^the^arglns5©' 'the 

A  SEASONAL  STUDY  OF  THE  PHYTOPLANKTON  OF  BACK  BAY,  VIRGINIA 

Mnlum  cuspldatum,  Brachytheclum  oxycladon,  and  Leptodlctyum 
fTparlum.  A  pleurocarpous  moss,  Leskea  polycarpa,  blanket¬ 
ed  most  of  the  moist  rotten  logs  although  Entodon  clador- 
rhlzans  was  locally  common.  Trees  exhibited  the  greatest 
diversity  and  zonation  of  bryophytes.  The  most  common  of 

Fru  U  an  1  a6 

Phvlla.  Cryphaea  glomerata.  and  Orthotrlchum  ohloense. 

Thai  lose  liverworts  occur  most  commonly  along  the  margins 

Anthoeeros  laevls  ssp.  carol  In lanus,  Rlccla  sulllvantll, 
Notothylas  orbicularis,  and  FossombroFTFT^veolata  are 
the  normal  but  temporary  colonizers. 
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Abstracts  of  Papers 

Section  of  Chemistry 

Fifty-third  Annual  Meeting  of  the  Virginia 
Academy  of  Science,  May  6-9,  1975,  Harrisonburg,  Virginia 


FLUORESCENCE  AND  PHOSPHORESCENCE  OF  CRYSTALLINE 
BIBENZYL.  R.  L.  Ake ,  Dept,  of  Chemical  Sciences, 
Old  Dominion  University,  Norfolk,  Va .  23508 
The  temperature  dependent  fluorescence  and 

are  reported.  Lifetimes  of  phosphorescence  and 
f  luroescence/phosphorescence  intensity  ratios  are 
analyzed  in  an  attempt  to  decide  if  intramolecular 
exciton  coupling  influences  the  energy  transfer  in 
crystalline  bibenzyl.  Constancy  of  phosphores¬ 
cence  lifetime  over  20-40K  range  while  phosphores¬ 
cence  quantum  yield  falls  in  the  same  temperature 
range  seems  to  indicate  an  exciton  influence. 


CHEMISTRY  OF  (TRIARYLPHOSPHORANYLIDENE) SULFAMOYL 
CHLORIDES:  PREPARATION  AND  REACTION  OF  (TRIPHEN- 

YLPHOSPHORANYLIDENE) SULFAMOYL  AZIDE  WITH  P(III) 
COMPOUNDS.  D.  E.  Arrington,  Dept,  of  Chemistry, 
Va.  Commonwealth  Univ. ,  Richmond,  Va.  23284 

(Triphenylphosphoranylidene) sulfamoyl  azide, 
Ph3P=NS02N3  (I) ,  may  be  prepared  by  the  reduction 
of  the  hydrazide  with  nitrous  acid  or  by  the  re¬ 
action  of  sodium  azide  with  the  chloride  in  suit¬ 
able  solvents: 

Ph3P=NS02NHNH2  +  HN02  — >  (I)  +  2H20 
Ph3P=NS02Cl  +  NaN3— -»  (I)  +  NaCl 

The  azide  reacts  with  phosphines,  phosphites, 
and  thiophosphites  in  an  oxidative  imination  re¬ 
action  to  give  phosphinimines  in  good  yields : 

(I)  +  P(Y)3— »  Ph3P=NS02N=P  (Y)  3  +  N2 


Y  =  alkyl,  aryl,  OR,  SR 


IMINOSULFURANE  REARRANGEMENTS.  R.C.  Atkins  and 
C.R.  Nelson,  Dept,  of  Chemistry,  Madison  College, 
Harrisonburg,  Va.  22801 

Pyrolytic  and  photolytic  rearrangements  of 
N-toluenesulfonyl  iminosulfuranes  (sulfilimines) 
have  been  studied.  Pyrolysis  of  S,S-dimethyl-N- 
toluenesulfonyl  sulfilimine  yields  a  variety  of 
sulfide  and  disulfide  products.  The  corresponding 
diphenyl  sulfilimine  yields  primarily  diphenyl 
sulfide  and  toluenesulfonamide .  Photolysis  of  the 
dimethyl  sulfilimine  at  several  wavelengths  yields 
toluenesulfonamide  as  well  as  considerable  recov¬ 
ery  of  starting  material. 

Efforts  are  currently  underway  to  elucidate  the 
mechanisms  of  the  rearrangements  being  observed. 


The  latter  reaction  does  not  take  place,  how¬ 
ever,  with  some  thiophosphites  and  ortho-substitu¬ 
ted  triarylphosphines ;  a  plausible  explanation  for 
this  will  be  presented. 


ADSORPTION  OF  HCL  ON  y-A120„ .  R.  R.  Bailey*  and 
J.  P.  Wightman.  Chem.  Dept:,  Va .  Polytechnic  Inst, 
and  State  Univ.,  Blacksburg,  Va.  24061 

Studies  of  the  adsorption  and  desorption  of 
water  and  hydrogen  chloride  on  y-A1203  were  per¬ 
formed  at  several  temperatures  and  modes  of  surface 
pretreatment.  The  H20  adsorption  was  completely 
reversible,  while  the  HC1  showed  only  some  reversi¬ 
bility,  an  indication  of  chemisorption.  Compari¬ 
son  of  the  surface  area  of  y~A1203  determined  by 
N„,  HC1  and  H?0  adsorption  showed  that  the  adsorp¬ 
tion  of  HC1  and  H20  proceeds  by  interaction  of 
these  gases  with  specific  sites  on  the  Y-A120 3. 


68 


The  Virginia  Journal  of  Science 


THE  LAMINAR-TO-TURBULENT  TRANSITION  IN  THE  BOUNDARY  LAYERS 
OF  CHEMICAL  SHOCK-TUBE  FLOWS.  John  A.  Bander  and  George 
Sanzone,  Department  of  Chemistry,  VPI  &  SU,  Blacksburg, 

Va.  24061. 


It  is  well-known  that  shock-tube  flows  involve  periods 
of  both  laminar  and  turbulent  boundary  layer  flow.  The 
implications  of  this  fact  have  generally  been  ignored  by 
kineticists  in  their  calculations  of  shocked-gas  tempera¬ 
tures.  This  is  because  it  has  been  difficult  to  predict 
the  fraction  of  time  for  which  the  flow  is  laminar. 

A  new  theoretical  approach  for  the  prediction  of  contact- 
front  arrival  times  is  presented  which  allows  the  determi¬ 
nation  of  this  fraction  of  shock-tube  flow  time  for  which 
a  laminar  boundary  layer  obtains.  Data  taken  with  a 
modified  laser-schlieren  system  is  used  to  test  the  theory. 


REACTION  OF  o-PHENYLENE  DIAMINE  WITH  DIBENZOYLETHYLENE  AND 
DIBENZOYLACETYLENE.  ISOLATION  OF  A  REACTIVE  INTERMEDIATE. 

R.  G.  Bass*.  D.  D.  Crichton,  Harriet  K.  Meetz  and  Ashby  F. 
Johnson,  Jr.,  Dept,  of  Chemistry,  Va.  Commonwealth  Univ., 
Richmond,  Va.  23284 

Equimolar  amounts  of  cis-  or  trans-dibenzoylethylene  and 
o-phenylenediamine  react  in  refluxing  ethanol  to  yield  2- 
phenylquinoxaline  and  acetophenone.  Whereas  combining  equi¬ 
molar  amounts  of  o-phenylenediamine  and  dibenzoylethylene  in 
95%  ethanol  and  warming  (50°)  to  effect  solution  followed  by 
cooling  produced  a  new  substance  shown  to  be  I.  Compound  I 
is  quite  sensitive  and  in  refluxing  95%  ethanol,  it  is  con¬ 
verted  quantitatively  to  2-phenylquinoxaline  and  acetophenone. 
On  standing  in  the  solid  state  for  a  period  of  4-6  weeks,  I 
undergoes  oxidation  to  produce  II  or  its  tautomer. 


l-  H  J  XI-  |]  111  •  H  COPh 

O^Ph  Hv0^Ph 

Compound  II  proved  to  be  identical  with  the  product  formed 
by  reaction  of  o-phenylenediamine  with  dibenzoylethanol  or 
with  dibenzoylacetylene.  Compound  II  had  previously  been 
reported  to  be  2-benzoyl-4-phenyl, (1H)1, 5-benzodiazepine 


THE  USE  OF  THE  COMPUTER  AS  A  PRACTICE  AID  IN  GENERAL 
CHEMISTRY.  James  D.  Beck,  Department  of  Chemistry,  Virginia 
State  College,  Petersburg,  Va.  23803 

The  installation  of  an  IBM  System  370/125  computer  at 
Virginia  State  College  has  allowed  the  use  of  remote  ter¬ 
minals  in  a  time-shared  mode.  BASIC  and  Coursewriter  (a 
language  designed  for  computer-assisted  instruction)  are 
available  for  use  on  the  interactive  terminals.  A  number 
of  simple  programs  have  been  written  in  BASIC  for  use  by 
students  in  General  Chemistry.  These  programs  are  intended 
to  introduce  students  to  the  use  of  the  computer  and  to 
provide  practice  on  a  few  fundamental  concepts.  Some  of  the 
experiences  of  a  novice  programmer  will  be  recounted. 
Preliminary  experience  with  Coursewriter  and  some  possibil¬ 
ities  for  computer-generated  problem  sets  will  be  discussed. 


(III). 


GROUP  THEORY  AND  REACTION  MECHANISMS:  PREDICTIONS 
AND  COMPUTATIONS  ON  CSHS+.  Thomas  D.  Bouman, 
Charles  D.  Duncan,  and  Carl  Trlndle,  Chemistry 
Dept.,  Univ.  of  Va.,  Charlottesville,  Va.  22901 
Mclver's  rules  on  the  symmetry  of  transition 
states  have  a  counterpart  in  rules  concerning  per¬ 
mutation  symmetry  of  single  steps  in  degenerate 
rearrangements.  The  generalized  rules  are  illus¬ 
trated  by  the  PXS  polytopal  rearrangements  and 
fluxional  motions  of  organometallics .  The  analy¬ 
sis  leads  to  prediction  of  hitherto  unexplored 
"pseudo  rotation"  pathways  for  rearrangements  in 
C2H5  and  C5H5  cations.  CNDO  computations  of  sys¬ 
tem  energies,  gradients  and  curvatures  at  critical 
points  on  the  C5H5  surface  indicate  that  symmetry 
breaking  in  keeping  with  our  predictions  is  a  key 
feature  of  the  low  energy  rearrangements  of  these 
species.  In  particular,  computation  shows  that 
the  C2V  "homotetrahedryl"  species  is  at  an  energy 
maximum  and,  thus,  cannot  be  a  transition  state  as 
proposed  earlier. 


DIGITAL  INTEGRATOR  FOR  FLAMELESS  ATOMIC  ABSORPTION  ANALYSES. 
G.  R.  Conner*  and  G.  C.  Grant,  Dept,  of  Chemistry,  Va. 
Commonwealth  Univ.,  Richmond,  Va.  23284 

In  atomic  absorption  spectrophotometry  recent  developments 
in  flameless  atomization  such  as  the  tantalum  ribbon,  L'vov 
furnace,  Delves  cup,  Massman  furnace  and  carbon  rod  have  pro- 

The  resulting  peak  absorbance  signal  is  most  commonly  moni¬ 
tored  with  a  laboratory  recorder.  Various  factors  can  effect 
the  shape  of  the  peak,  thus  implying  that  peak  area  measure¬ 
ments  are  more  desirable  than  peak  height.  A  stand-alone 
integrator  was  constructed  to  be  automatically  controlled  by 
the  flameless  unit,  and  the  peak  area  is  displayed  on  an 
auto-ranging  digital  panelmeter.  Automatic  reset  and  switch 
selectable  integration  intervals  are  controlled  by  a  pre¬ 
cision  timing  circuit  with  analog  FET  switches. 


AMBIENT  CONCENTRATIONS  OF  MEDIUM  WEIGHT  HYDROCARBONS  (C5  TO 
Ci0)  IN  THE  DISMAL  SWAMP  ATMOSPHERE.  R.  S.  Davis,  P.  J. 
Maroulis,  A.  R.  Bandy,  Department  of  Chemistry  and  G.  E. 
Copeland,  Department  of  Physics  and  Geophysical  Sciences, 

Old  Dominion  University,  Norfolk,  Virginia  23508. 

During  the  late  spring  of  1974,  air  samples  were  taken  in 
the  Dismal  Swamp  and  Nansemond  areas  of  the  Tidewater  area 
to  determine  the  naturally  generated  hydrocarbon  contribu¬ 
tion  to  the  lower  atmosphere.  The  samples  were  analyzed  for 
the  C5  to  C^o  hydrocarbons  using  a  flame  ionization  gas  chro¬ 
matograph.  Analysis  of  the  data  indicates  an  average  concen¬ 
tration  of  397  ppb  by  weight  of  the  compounds  analyzed.  This 
value  exceeds  the  National  Primary  Air  Quality  Standards. 

The  largest  class  of  compounds  was  the  paraffin  group.  The 
biggest  individual  contributor  was  cyclopentane. 
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NUCLEAR  MAGNETIC  RESONANCE  STUDIES  OF  THE 

STEREOCHEMISTRY  AND  LABILITY  OF  METAL - 8“ 

DIKETONATE  COMPLEXES.  D-  E-  Kranbuehl,  P.  Metz- 
qer* ,  D.  W.  Thompson.  Dept,  of  Chemistry,  Col.  of 
William  and  Mary,  Williamsburg,  Va.  23185 

With  the  increase  in  sophistication  and  cost  of 
current  instrumental  techniques,  it  is  becoming 
increasingly  difficult  in  the  undergraduate  pro¬ 
gram  to  provide  students  with  "hands-on"  exercises 
in  solving  chemical  problems.  Yet  the  desirabil¬ 
ity  of  acquainting  students  with  important  new 
problem-solving  techniques  is  indisputable.  A 
partial  solution  to  this  problem  is  the  use  of 
interpretative  experiments.  This  paper  discusses 
an  interpretative  experiment  involving  the  appli¬ 
cation  of  symmetry  and  temperature  dependent  pro¬ 
ton  and  fluorine  nmr  spectroscopy  to  the  solution 
of  structural  and  mechanistic  problems  in 
titanium — B~diketonate  complexes.  Concepts  to 
which  students  are  exposed  include:  (1)  the  appli¬ 
cation  of  molecular  symmetry  to  predict  nmr  pat¬ 
terns;  (2)  stereochemical  non-rigidity  of  com¬ 
plexes;  (3)  the  use  of  nmr  techniques  to  determine 
structure  in  complexes;  (4)  the  use  of  nmr  line 
shape  analysis  to  determine  kinetic  data. 

Z I RCONIUM- CY ANO ACETYLACETONATE  COMPLEXES.  G.  A. 

Lock*  and  D.  W.  Thompson.  Dept,  of  Chemistry, 

Col.  of  William  and  Mary,  Williamsburg,  Va.  23185 

The  reaction  of  SnCl,  and  TiCl»  with  cyano- 
acetylacetone  (CAAH)  in  inert  organic  solvents 
leads  to  [MC13 (CAA) ]  complexes.  The  ir  spectra 
are  consistent  with  the  CAA  anion  exhibiting  tri¬ 
functional  metal  bonding  via  both  oxygens  and  the 
cyanide  group.  Since  the  CAA  anion  is  planar,  the 
complexes  must  be  oligomerized,  [MC1S (CAA) ]n;  a 
cyclic  tetramer  has  been  postulated.  Extending 
this  work  to  ZrCl»  yielded  different  results. 

Reaction  of  ZrCl»  and  CAAH  in  a  1:1  molar  ratio 
did  not  yield  a  discrete  [ZrCl3 (CAA) ]  complex. 

Rather  [ZrCl3 (CAA) z ]  is  isolated.  While  the  com¬ 
plex  is  stoichiometrically  analogous  to  the  six- 
coordinate  acetylacetonate  analog,  the  ir  spectrum 
indicates  both  bridging  and  terminal  cyanide 
groups  with  all  O-chelated  diketonates.  Thus  an 
oligomerized  structure  seems  likely.  Careful 
treatment  of  other  ZrCl«-CAAH  systems  yields  com¬ 
plexes  [ZrCl (CAA) 3 ]  and  [Zr (CAA) 4 ] .  Again  in 
[ZrCl (CAA) 3 ]  both  bridging  and  terminal  cyanide 
groups  are  observed.  For  [Zr (CAA) 4]  only  terminal 
cyanide  groups  are  observed  consistent  with  a 
maximum  CN=8  for  Zr.  [CpZr (CAA) ,  shows  only 
terminal  cyanides  and  is  seven  coordinate. 

AN  EXTENSION  OF  THE  MIXED  BED  COLUMN  TECHNIQUE  IN 

GAS  CHROMATOGRAPHY.  D.  F.  Lynch?  F.  A.  Palocsay 
and  J.  J,  Leary,  Dept,  of  Chemistry,  Madison 

College,  Harrisonburg,  Va.  22801 

Mixed  bed  columns  were  prepared  using  dimethyl- 
silicone  and  phenylmethylsilicone  homopolymers . 

The  retention  behavior  of  the  mixed  bed  columns 
was  compared  to  that  of  phenylmethylsilicone  co¬ 
polymer  columns  containing  the  same  average 
weight-percent  phenyl  substitution.  Kovats 

Indices  were  used  to  evaluate  retention  behavior. 
Mixed  bed  columns  and  copolymer  columns  were 
shown  to  have  very  similar  retention  character¬ 
istics.  The  average  percent  difference  in  Kovats' 
Index  units  was  0.5%. 

THE  POTENTIOMETRIC  EVALUATION  OF  THE  BASICITIES  OF  AROMATIC 
DIAMINES  IN  90%  ACETONITRILE  -  10%  WATER  MIXTURES .  J.  G. 

Mason  and  C.  Potter,  Dept,  of  Chemistry,  Virginia  Polytech¬ 
nic  Institute  and  State  University,  Blacksburg,  Va.  24061 

The  basicities  of  a  series  of  aromatic  diamines  of  the 
general  formula 

where  Z  =  0,  >C=0,  and  >CH2  have  been  determined  in  90% 
acetonitrile-10%  water  mixtures,  dimethylacetamide-  and 
dimethylsulf oxide.  The  technique  used  was  titration  with 
perchloric  acid  solution  as  titrant  and  a  carefully  cali¬ 
brated  glass  electrode  as  sensor.  The  solvent  mixture  90% 
CH3CN-10%  H20  permitted  the  resolution  of  both  pK  values 
in  certain  cases  and  was  the  most  suitable  differentiating 

be  reproducible  but  not  theoretical.  The  pKa  values  of 
nineteen  diamines  have  been  determined  by  this  method. 

DETERMINATION  OF  GLUCOSE  IN  TOBACCO  LEAF  AND 
COMMERCIAL  FILLER  BY  GLUCOSE'  OXIDASE.  Barbara  M. 
McIntyre.  Philip  Morris  Research  Center,  P.0. 

Box  26583,  Richmond,  VA  23261. 

An  adaptation  of  procedures  found  in  the 
literature  pertaining  to  the  rapid  and  specific 
colorimetric  determination  of  glucose  in  tobacco 
leaf  and  commercial  filler  is  presented.  The 
analysis  is  performed  on  a  water  extract  treated 
with  carbon.  In  the  presence  of  the  enzyme 
glucose  oxidase,  a  colored  complex  is  formed. 

The  samples  are  compared  with  glucose  standards 
on  the  Robot  Chemist  using  a  540-nm  filter.  The 
relative  standard  deviation  at  the  two-sigma 
level  on  a  bright  tobacco  Monitor  is  ±9%  and  on 
a  commercial  filler  is  ±7%.  Recoveries  of  added 
glucose  in  hurley  tobacco  average  99%. 

THE  EFFECT  OF  DENSITY  ON  THE  DYNAMIC  PROPERTIES  OF 

MONTE  CARLO  LATTICE  MODEL  POLYMER  CHAINS.  P.  Metzger 
and  D.  Kranbuehl,  Dept,  of  Chemistry,  the  College  of 
William  and  Mary,  Williamsburg,  Va.  23185 

The  dynamic  and  equilibrium  properties  of  several 
random-coil  polymer  chains  confined  to  a  box  have  been 
simulated  using  Monte  Carlo  techniques.  In  this  model 
the  configurations  of  the  polymer  chain,  N-l  units  long, 
are  represented  by  a  string  of  N  connected  points, 
referred  to  as  beads,  on  a  simple  cubic  lattice. 

Brownian  motion  of  the  chain  Is  simulated  by  choosing 
one  bead  at  a  time  and  moving  it  to  a  new  position. 
Excluded  volume  Is  accounted  for  by  not  allowing  two 
beads  to  occupy  the  same  lattice  site.  The  relaxation 
behavior  of  the  vector  end-to-end  length  was  examined 
for  polymer  chains  confined  to  a  fixed  volume  in  which 
the  bead  density  is  allowed  to  vary.  It  was  found  that 
as  the  density  Increases  the  equilibrium  value  of  the 
vector  end-to-end  length  approaches  the  theta  condi¬ 
tions  and  the  relaxation  spectrum  becomes  bimodal. 
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AN  INEXPENSIVE  DIGITAL  MULTIMETER  TO  COMPUTER 
INTERFACE.  C.R.  Nelson  and  F . A.  Palocsay,  Dept, 
of  Chemistry,  Madison  College,  Harrisonburg,  Va. 
22801 

An  interface  between  a  digital  multimeter  and 
minicomputer  is  described.  The  interface  uses  an 
Analog  Devices  STX  1003  serial  data  exchange 
module  to  convert  binary-coded-decimal  output 
to  serial  transmission  acceptable  to  a  computer. 

A  variable  sample  clock  is  used  to  control  the 
rate  of  data  collection. 


THE  STEREOCHEMISTRY  OF  THE  ENZYME-CATALYZED 
REDUCTION  OF  A  PROGESTERONE  DERIVATIVE. 

C.  A.  Risinger*  and  0.  R.  Rodig,  Dept,  of  Chemistry, 
Univ.  of  Va.,  Charlottesville,  VA  22901. 

Rhizopus  nigricans,  a  common  bread  mold,  has 
the  ability  to  microbiologically  transform  16-de- 
hydroprogesterone  to  lla-hydroxyprogesterone.  We 
were  interested  in  studying  the  mechanism  of  the 
reduction  of  the  16,17  double  bond  and  for  this 
purpose  it  was  necessary  to  synthesize  16-dehydro- 
progesterone  —  16-d  .  The  starting  material,  testos¬ 

terone,  was  converted  by  a  six- step  route  to  the 
appropriate  deuterated  compound.  In  carrying  out 
the  enzyme-catalyzed  reduction,  the  16-dehydro- 
progesterone-dp  dissolved  in  acetone,  is  added  to 
a  growing  culture  of  the  microorganism  in  a  liquid 
medium.  After  shaking  for  72  hours  the  transformed 
steroid  is  recovered  from  the  medium  and  the  mycel¬ 
ium  by  extraction  and  the  purified  product  analyzed 
by  NMR  using  the  lanthanide  shift  technique.  By 
comparing  the  spectra  of  deuterated  and  non- deuter¬ 
ated  lla-hydroxyprogesterone,  the  stereochemistry 
of  the  deuterium  at  the  16  position  can  be  deter- 


ENZYME- CATALYZED  TRANSFORMATIONS  OF  STEROIDS.  THE 
STEREOCHEMISTRY  OF  A  DEHYDROGENATION  REACTION. 

A.  W.  Nicholas*  and  0.  R,  Rodig.  Dept,  of  Chem¬ 
istry,  Univ.  of  Va.,  Charlottesville^  VA  22901. 

A  number  of  important  steroid  hormone  drugs 
contain  a  C-l,  C-2  double  bond,  usually  synthetic¬ 
ally  introduced,  which  enhance  their  effectiveness. 
We  have  studied  the  introduction  of  this  double 
bond  by  an  enzyme-catalyzed  dehydrogenation  using 
various  microorganisms  as  an  enzyme  source.  It  was 
determined  that  the  dehydrogenation  process  in¬ 
volves  the  trans-diaxial  loss  of  hydrogen  in  each 
of  the  six  microorganism  systems  investigated. 
Suitably  labeled  deuterium  compounds  were  prepared 
by  selective  hydrogenation  procedures  and  the  de¬ 
hydrogenation  products  were  analyzed  for  the  amount 
and  location  of  the  deuterium  by  NMR  spectroscopy. 

Two  of  the  microorganisms  investigated  also  con¬ 
tain  enzyme  systems  capable  of  reducing  C-l,  C-2 
steroidal  double  bonds  if  grown  under  other  condi¬ 
tions  and  in  these  cases  it  was  found  that  a  trans- 
diaxial  addition  of  hydrogen  occurs.  Possible 
mechanisms  for  both  enzyme- catalyzed  reactions  are 
considered. 


NATURAL  ORBITAL  CONFIGURATION  INTERACTION  ANALYSIS  OF  THE 
INTERACTION  BETWEEN  He  AND  LiH  (LINEAR  APPROACH) .  D.  D. 
Shillady  and  E.  Yurtsever*.  Dept,  of  Chemistry,  Va.  Common¬ 
wealth  Univ.,  Richmond,  Va.  23284 

A  large-scale  ab  initio  configuration  interaction  (Cl)  was 
carried  out  for  He-LiH  using  a  Dunning-Huzinaga  9S,5P  plus 
polarization  gaussian  lobe  basis  set.  Perturbation  treatment 
of  592  excited  configurations  with  the  dominant  configuration 
allowed  generation  of  pseudo-natural  orbitals  and  selection 
of  the  35  most  important  configurations  in  the  total  ground 
state.  Separate  Cl  natural  orbital  calculations  produced  an 
energy  of  -2.894988  au  for  He  and  -8.027838  au  for  LiH  with  a 
dipole  moment  of  5.818  Debyes.  Energy  and  dipole  moment  cal¬ 
culations  were  carried  out  varying  the  He-LiH  distance  at  5 
values  ranging  from  2.4  to  25.0  Bohrs  with  the  LiH  bond 
length  fixed  at  3.015  Bohrs.  We  find  a  shallow  bound  state 
potential  in  the  SCF  results  in  agreement  with  Kaufman  and 
Sachs  (J.  Chem.  Phys.  51,  2992,  (1969)),  but  our  Cl  energies 
are  much  lower  and  predict  a  totally  repulsive  potential. 

Thus  bonding  predicted  by  ab  initio  SCF  calculations  has 
been  nullified  by  refined  Cl  computations. 


SYNTHESIS  AND  HYDROLYSIS  OF  ALLENYL  ESTERS. 

M.  D.  Schiavelli.  Dept,  of  Chemistry,  Col.  of 
William  and  Mary,  Williamsburg,  Va.  23185 

The  synthesis  of  3 , 3-dime thylallenyl  acetates, 
trifluoroacetates,  p-nitrobenzoates ,  3  ,■  5-dinitro- 
benzoates,  and  diethylphosphates  from  the  Ag+ 
catalyzed  rearrangement  in  CH2C12  of  the  corre¬ 
sponding  propargyl  esters  is  described.  Mecha¬ 
nistic  data  concerning  the  acid-catalyzed  hydrol¬ 
ysis  of  substituted  allenyl  acetates  is  reported. 
Acidity  dependence  (linear  HQ  plots) ,  substituent 
effects,  and  solvent  isotope  effects  consistent 
with  rate-limiting  protonation  of  the  allene 
moiety  are  discussed.  The  reaction  is  compared 
to  vinyl  ester  hydrolysis. 


DYE  SENSITIZED  PHOTOOXIDATION  OF  5-CARB0METH0XYBICYCL0 g.3.| 
4-N0NENE-2-0NE,  4-CARB0ETHY0XY-3-METHYL-2-CYCL0HEXEN0NE  AND 
ANTHRONE .  Junaid  Siddiqui,  Dept,  of  Chemistry,  Va.  Common¬ 
wealth  Univ.,  Richmond,  Va.  23284 

The  dye  sensitized  photooxidation  of  5-carbomethyoxybi cy¬ 
cle  0.3. fl  4-nonene-2-one  (X),  4-carbethoxy-3-methyl -2- 
cyclohexenone  (2) and  anthrone  (3jwere  studied.  Product  analy¬ 
sis  indicates  that  the  singlet  oxygen  adds  to  the  enolic 
homoannular  diene  to  form  corresponding  hydroperoxide.  The 
mechanism  of  this  reaction  will  be  discussed. 
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SPECTROELECTROCHEMICAL  OXIDATIONS  OF  METHYLATED  XANTHINES, 

R.  A.  West  and  G.  C.  Grant,  Dept,  of  Chemistry,  V a.  Conrnon- 
wealth  Univ. ,  Richmond,  Va.  23284 

The  electrochemical  oxidations  of  1 ,3-dimethyl  xanthine 
(theophylline),  3,7-dimethyl  xanthine  (theobromine)  and  1,3, 
7-trimethyl  xanthine  (caffeine)  were  studied  by  cyclic  volt¬ 
ammetry  and  potential  step  experiments  in  acetonitrile  at  a 
reflecting  platinum  electrode.  Theophylline  shows  only  one 
oxidation  peak  at  1.37  V.  vs  SCE,  while  caffeine  and  theobro¬ 
mine  identically  show  two  oxidation  peaks  at  1.62  V.  and  1.84 
V.  vs  SCE.  Comparison  of  peak  shapes  at  various  sweep  rates 
implies  that  all  three  compounds  undergo  an  irreversible 
electrochemical  oxidation  with  <  na  =  0.64  («  =  0.64,  na=l ) 
for  caffeine  and  theobromine  and  * na  =  0.90  (  «*  =  0.45, 
na  =2)  for  theophylline.  In  addition,  the  values  of  ip/Y*Cfk 
decrease  by  a  factor  of  two  for  caffeine  and  theobromine  as 
the  sweep  rate  is  increased .from  0.5  V/sec.  to  2.0  V/sec. , 
however,  for  theophylline  (p/^^C°A  remains  at  the  higher 
level  over  the  same  sweep  range. 

A  minicomputer  based  data  acquisition  system  was  construc¬ 
ted  and  used  to  simultaneously  monitor  the  changes  in  absor¬ 
bance  and  Faradaic  currents  during  potential  step  experi¬ 
ments.  Transient  (approx.  5  seconds)  absorption  bands 
(Amax=  305  nm)  wsre  observed  during  the  electrochemical  ox¬ 
idations  of  each  compound;  however,  no  absorption  band  of 
wavelength  greater  than  280  nm  was  observed  after  complete 
electrolysis  of  the  starting  materials. 


ORGANIC  CAGE  COMPOUNDS.  G.  S.  Whitney  and  L.  Hobbes, 
Dept,  of  Chemistry,  Washington  and  Lee  University, 
Lexington,  Va,  244-50 

We  have  carried  out  reduction  and  addition  reactions 
on  the  cage  diketone  which  was  formed  by  radiation  of 
the  adduct  of  cyclopentadiene  and  quinone. 


the  bond  at  the  bottom  of  the  cage,  alpha  to  both  carbonyls 
could  be  broken  first,  and  then  the  diol  could  be  had  under 
Clemmenson  conditions. 

We  have  also  attempted  to  create  the  diepoxy  cage 
derivative  using  (CIfe)2(So)=CIfe» 


THERMAL  TRANSFORMATIONS  OF  ACYLAZXDES.  R.L. 
Williams  ,  A.Ciereszko  and  G.  WilliamsTTSspt . 
of  ChemOtry,  Old  Dominion  University,  Norfolk, 
Virginia,  23500. 


HETEROCYCLIC  POLYAMIDES  CONTAINING  BXPYRXDYL 
UNITS.  R.L.  Williams  and  M.  Tant,  Dept,  of 
Chemistry7"5T3TomTnion  University,  Norfolk, 
Virginia,  23508 


Various  thermal  transformations  of  the  parent 
carbamoylaoylazide  (1)  will  been  described 
together  with  pertisnt  spectral  and  analytical 
data  leading  to  the  structural  assignment  for 
the  final  rearrangement  nroduct,  the  imidazoindaz- 
olin®  (2). 


Several  new,  heterocyclic  polamides  have  been 
prepared  by  the  condensation  of  various  bipyridyl 
dismiss  such  as  (1)  and  aromatic  diacid  chlorides. 
The  resulting  polyamide  systems  will  be  described 
n&eh  particular  attention  being  given  to  their 
relative  solubility  properties. 


X-S,  -0^-0-  | 
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SOME  'BASIC  IN  CHEMISTRY.  John  H.  Wise  and  J.  Brown 
Goehring.  Dept,  of  Chemistry,  Washington  and  Lee  Univ., 
Lexington,  Va.  244-50. 

The  BASIC  language  is  introduced  into  the  Freshman  year 
course  by  way  of  prepared  programs  for  experimental  calcula¬ 
tions  and  a  problem  assignment.  One  full  laboratory  period 
is  devoted  to  instruction  in  the  language  in  preparation  for 
the  problem  work.  Copies  of  these  class  notes  are  available 
from  the  authors.  The  aim  of  this  instruction  is  to  en¬ 
courage  students  to  use  the  computer  throughout  their  course 
work,  but  particularly  in  problem  solving.  Later  courses 
refer  to  computer  possibilities  and  often  solutions  of  home¬ 
work  problems  are  presented  in  the  form  of  computer  output. 

A  variety  of  programs  --  including  games,  some  mathe¬ 
matical  routines,  and  a  number  of  chemical  applications  — 
is  available  for  student  use.  One  tutorial  program  on 
molecular  shape  from  numbers  of  electron  pairs  will  be  in 
use  next  year,  and  additional  tutorials  may  be  added  later. 


IHEM3SXVE  COMPUTER  INTmPAGDE  FOR  CHBMISTRI  LABORATORIES 
USING  PROGRAMMABLE  CALCULATORS.  James  E.  Worsham.  Jr. 

Dept,  of  Chemistry,  Univ.  of  Richmond,  VX,  2;!i?3 

The  purpose  of  this  work  is  to  develop  simple  systems 
costing  less  than  $5,000  for  on-line  data  collection  and 
computing  from  a  wide  variety  of  instruments. 

The  availability  in  recent  years  of  relatively  inexpen¬ 
sive  desk  size  programmable  calculators  that  can  be  inter¬ 
faced  to  voltmeters  and  other  meters  has  made  it  possible 
to  introduce  on  line  data  collection  and  computation  into 
undergraduate  teaching  laboratories.  We  are  using  a  Wang 
Laboratories  Model  600  programmable  calculator  with  inter¬ 
faces  to  a  Weston  1243  digital  multimeter,  an  Analog  Devises 
digital  panel  meter  and/or  a  frequency  meter-event  counter 
made  in  our  laboratory.  To  date  we  have  connected  this 
system  to  Physical  Chemistry  experiments  on  emf  of  electro¬ 
chemical  cells  and  to  the  decomposition  of  amaonium  car¬ 
bamate  as  a  function  of  temperature.  In  the  latter  case 
thermistors  and  a  resistance  pressure  transducer  provided 
inexpensive  transducers.  Two  types  of  other  equipment  well 
suited  for  these  functions  are  Hewlett-Packard  Model  9810 
and  others  and  Tektronix  programmable  calculators. 

The  very  recent  availability  of  Serdex  modules  from 
Analog  Devices  permits  interfacing  through  Teletypes  used  as 
remote  terminals  to  time  sharing  computers.  We  will  be 
investigating  these  systems  soon. 
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A  STUDY  OF  SOCIAL  VS.  UNION  MODEL  APPROACH  TO  IMPROVE  THE 
'OPEN'  PHYSICS  LABORATORY  AT  VPI  &  SU.  Lubna  R.  Ijaz.  Divi¬ 
sion  of  Science  Curriculum  Research  and  Evaluation,  College 
of  Education,  VPI  &  SU;  D.  C.  Dening*,  M.  A.  Ijaz*,  D.  A. 
Jenkins,  and  T.  E.  Leinhardt,  Physics  Department  VPI  &  SU, 
Blacksburg,  Virginia  24061 

This  study  was  designed  to  investigate  the  effect  of  stu¬ 
dent  involvement  in  designing  the  laboratory  experiment  in¬ 
struction  sheets.  In  the  social  model  approach  students, 
laboratory  instructors,  laboratory  coordinators,  administra¬ 
tors  and  evaluators  were  involved  in  making  decisions  on  how 
to  rewrite  and  revise  the  presently  used  instruction  sheets. 
In  the  union  approach  the  physics  faculty  and  administrators 
put  together  the  instructional  material,  without  explaining 
the  learning  objectives  and  theory  behind  the  experiment  in 
a  way  that  is  easily  understandable  to  all  students.  With 
the  student  input  we  are  able  to  redesign  some  instructional 
material  which  is  more  readily  understandable  to  students  of 
all  ability  levels.  Preliminary  results  on  evaluation  of 
this  aspect  of  our  laboratory  program  will  be  presented. 
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MODELING  OF  WATER  QUALITY  FROM  A  WATERSHED  DISTURBED 
BY  CONTOUR  MINING.  J.  F.  Connell.  Jr.*.  D.  N.  Contractor11 
and  V.  0.  Shanholtz*.  Dept,  of  Civil  Engineering,  V a. 
Polytechnic  Inst.,  Blacksburg,  Va.  24061 

Various  modeling  techniques  were  applied  to  a  water¬ 
shed  disturbed  by  contour  mining  in  order  to  describe  the 
functional  relationships  between  certain  water  quality 
parameters  associated  with  the  disturbed  watershed.  Two 
approaches  were  considered  in  constructing  a  model.  The 
first  was  to  try  to  interrelate  the  flow  of  water  with 
the  kinetics  of  the  chemical  reactions  occurring  in  the 
disturbed  watershed,  resulting  in  a  dynamic  model.  The 
second  was  to  use  available  measured  information  from  an 
instrumented  watershed  and  construct  a  static  model. 

The  latter  approach  was  selected  due  to  the  difficulty 
in  trying  to  quantify  the  wide  variations  that  exist  in 
spoil  properties  and  reaction  rate  coefficients  within 
a  spoil  pile.  Linear  and  least-squared  techniques  were 
used  to  solve  for  the  model  weighting  coefficients.  Two 
sets  of  data  were  analyzed.  The  first  covered  a  period 
before  mining  and  the  second  set  covered  a  period  during 
mining.  Illustrations  are  given  of  the  predictive  capa¬ 
bility  of  the  model  also  model  errors  and  contributing 
factors  are  also  considered. 


WATER  RESOURCES  MANAGEMENT  IN  VIRGINIA:  EVALUATION  OF  THE 
ADMINISTRATIVE  STRUCTURE.  W.  E.  Cox*  and  W.  R.  Walker. 

Va.  Water  Resources  Res.  Ctr. ,  Va.  Polytechnic  Inst,  and 
State  Univ. ,  Blacksburg,  Va.  24061. 

Water  resource  management  in  Virginia  has  never  been 
perceived  as  a  comprehensive  program  from  the  viewpoint  of 
administration  at  the  State  level  of  government.  The  tra¬ 
ditional  approach  has  been  to  develop  special  programs  to 
manage  individual  problem  areas  as  their  significance  has 
been  recognized.  Certain  inter-agency  coordination  mech¬ 
anisms  have  been  developed,  but  the  existing  structure 
strongly  reflects  this  problem-oriented  approach. 

Due  to  functional  overlap  in  certain  areas,  there 
appears  to  be  a  need  for  further  development  of  inter¬ 
agency  coordination  mechanisms.  Many  of  the  existing 
arrangements  are  somewhat  informal  agreements  that  should 
be  strengthened  through  formal  recognition,  and  additional 
areas  exist  where  broader  agency  input  should  be  assured. 
Transfer  of  responsibilities  to  different  agencies  may  be 
desirable  in  certain  cases.  Any  future  expansion  of  State 
managerial  functions  must  involve  careful  consideration  of 
administrative  compatibility  in  order  that  coordination 
problems  not  be  further  aggravated.  (Aided  by  Office  of 
Water  Research  6  Technology,  U.  S.  Department  of  Interior, 
Grant  B-025-VA.) 


REMOTE  MONITORING  OF  WATER  POLLUTION.  John  B.  Hall,  Jr.* 
NASA  Langley  Research  Center,  Hampton,  VA  23665 

Water  pollution  has  become  a  problem  of  increasing 
concern  in  most  areas  of  the  world.  This  worldwide 
problem  occurs  in  bodies  of  water  as  diverse  as  farm  ponds 
to  the  open  oceans.  The  situation  was  created  primarily 
as  a  result  of  man's  rapid  population  growth  and  his  rising 
standard  of  living.  Water  pollution,  if  not  controlled, 
will  threaten  to  destroy  both  our  food  and  water  supplies. 
In  order  to  aid  in  providing  a  solution  to  this  problem, 
it  is  necessary  to  develop  monitoring  technology  that  will 
rapidly  detect  and  measure  pollutants  over  large  areas  of 
water.  Remote  sensing  technology  is  applicable  to  this 

This  presentation  gives  a  summary  of  the  water  pollution 
problem,  describes  several  remote  sensing  concepts  to 
monitor  water  pollution,  and  summarizes  the  results  of 
several  research  efforts  to  monitor  water  pollution. 


PRACTICAL  ASPECTS  OF  WATER  QUALITY  MODELING.  DAVID  M.  JENSEN* 
Virginia  Military  Institute,  Lexington,  VA.  24450 
Keywords:  Water  Quality,  D.O.  Model,  Keaeration  coefficient, 
Stream  data. 

The  movement  and  assimilation  of  waste  materials  dis¬ 
charged  into  streams  and  estuaries  is  a  function  of  hydro- 
dynamic  transport  and  biological  and  chemical  reactions.  The 
presence  of  specific  factors  such  as,  aquatic  biota,  suspend¬ 
ed  material,  plant  growth  and  bottom  sediments  may  influence 
the  response  of  a  receiving  stream.  These  key  variables  may 
be  incorporated  into  a  mathematical  model  of  stream  response 
with  certain  waste  load  inputs.  Digital  computing  techniques 
can  be  utilized  to  establish  model  solutions  that  reflect 
the  various  changes  in  the  aquatic  system. 

This  paper  is  concerned  with  the  ability  of  a  particular 
stream  response  model,  based  on  steady-state  deoxygenation- 
reaeratian  relationships,  to  predict  dissolved  oxygen  values 
that  would  exist  in  streams  at  estimated  low  flow  conditions. 

A  basic  weakness  of  any  oxygen-balance  model  lies  with 
the  prediction  of  the  reaeration  coefficient  which  is  a  func¬ 
tion  of  stream  velocity  and  depth.  A  single  formula  designed 
to  predict  the  reaeration  rate  of  streams  at  any  flow  rate 
may  not  be  realistic. 

This  study  concerns  the  use  of  stream  surveillance  data 
to  examine  reaeration  predictions  in  the  upper  James  River 
Basin.  An  attempt  will  be  made  to  develop  more  precise  re¬ 
aeration  coefficient  relationships  and  apply  these  to  low 
flow  modeling  of  stream  dissolved  oxygen  content. 


STABILITY  OF  CRYSTAL  PLATES.  Xanthippi  Markenscoff*.  Dept, 
of  Engineering  Science  and  Mechanics,  V.P. I.  &  S.U.,  Blacks¬ 
burg,  Va.  24061 

The  stability  of  crystal  plates  is  studied  using  the  theory 
of  small  deformations  superposed  on  finite  initial  deforma¬ 
tions  and  two-dimensional  equations  are  deduced  in  Lagrangian 
formulation  according  to  Mindlin's  power-series  expansion. 
These  equations  are  applied  in  the  case  of  flexural  buckling 
and  an  analytic  formula  is  obtained  showing  the  effects  of 
anisotropicity  and  material  nonlinearity. 

References:  1.  R.  C.  Y.  Lee,  Y.  S.  Wang  and  X.  Markenscoff, 
"High  Frequency  Vibrations  of  Crystal  Plates  under  Initial 
Stresses",  J.  Acoust.  Soc.  Amer.,  Vol .  57,  No.  1,  pp.  95- 
105  (Jan.  1975')"-  2.  A.  E.  Green,  R.  J.  Knops  and  N.  Laws, 

"Large  Deformations  Superposed  Small  Deformations  and  Sta¬ 
bility  of  Elastic  Rods",  Int.  J.  Solids  Structures,  Vol.  4, 
pp.  555-577  (1968). 


A  NUMERICAL  SOLUTION  FOR  A  TURBULENT,  THREE-DIMENSIONAL, 
HEATED, ^RECTANGULAR  JET  INTO  A  SHALLOW,  OPEN  CHANNEL.  D.  M. 
Markham  and  C.  H.  Lewis.  Aerospace  and  Ocean  Engrg.  Dept. 
Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  Va.  24061 
A  numerical  model  for  a  turbulent,  three-dimensional, 
heated,  rectangular  jet  into  a  shallow,  open  channel  is 
presented.  The  steady-state  Navier-Stokes  equations  are 
solved  numerically  using  a  vorticity-velocity  formulation 
in  order  to  predict  the  spreading  of  the  jet  and  the  tem¬ 
perature  distribution  in  the  jet  mixing  region.  A  variable 
eddy  viscosity  is  used  with  the  retention  of  the  more 
significant  gradient  contributions  of  it  in  the  governing 
equations.  A  Boussinesq  approximation  of  the  body  force  is 
used.  The  results  obtained  for  laminar  flow  in  a  square  duct 
and  for  an  unheated  turbulent  jet  are  presented  as  a  test 
of  the  model.  The  term  involving  the  gradient  of  the  eddy 
viscosity  in  the  equation  for  the  vertical  component  of  the 
vorticity  is  shown  to  significantly  increase  the  spread  of 
the  jet.  The  results  for  the  turbulent,  three-dimensional, 
heated,  rectangular  jet  in  a  shallow,  open  channel  give  a 
reasonable  prediction  for  the  jet  spread  in  the  near  jet 
region,  but  a  large  underprediction  for  the  far  field 
region.  The  temperatures  in  the  jet  mixing  region  are 
hgiher  than  those  obtained  experimentally.  The  results  also 
show  qualitative  aspects,  such  as  the  jet's  vortex,  spread, 
rise  and  its  entrainment  of  freestream  fluid.  (This  work 
was  supported  by  funds  provided  by  the  U.  S.  Dept,  of 
Interior,  0WRR,  as  administered  by  the  Virginia  Water 
Resources  Center  as  Project  B-041-VA.) 


78 


The  Virginia  Journal  of  Science 


AN  ANALYSIS  OF  CURRENTS  AND  CIRCULATION  IN  HAMPTON  ROADS. 

Bruce  J.  Neilson.  Dept,  of  Physical  Oceanography  & 

Hydraulics,  Va.  Inst,  of  Marine  Science,  Gloucester  Pt., 

Va.  23062 

Current  measurements  made  by  the  Coast  &  Geodetic  Survey 
in  1951,  1962  and  1969  and  by  VIMS  in  1969  and  1971  were 
analyzed  to  determine  the  circulation  patterns  in  the 

Hampton  Roads  area.  A  "right  hand  dominance"  of  flows  was 
observed.  During  flood  tides  the  flow  was  greater  on  the 
northern  side  of  the  channel  and  turned  sharply  around 

Newport  News  Point.  During  ebb  tide  the  flow  turned 
gradually,  with  the  greater  portion  passing  through  the 
natural  channel  to  the  south  of  Newport  News  Middle  Ground. 

The  circulation  in  this  region  is  influenced  greatly  by 
differences  in  tidal  phase.  In  general,  the  tide  wave 
passes  through  Hampton  Roads  and  up  the  James  River  as  a 
progressive  wave,  whereas  slack  tide  occurs  almost  simul¬ 
taneously  throughout  the  Elizabeth  River  system  like  a 
standing  wave.  Strangely  enough,  the  tide  wave  appears  to 
move  down  the  Nansemond  River.  The  ebb  flows  from  the 

James  and  the  Nansemond  are  directed  towards  the  naval 
piers  south  of  Sewell's  Point,  causing  the  flow  from  the 
Elizabeth  to  hug  the  shoreline.  At  late  ebb  these  flows 
also  enter  the  Elizabeth  River  since  the  tide  turns  earlier 
there. 

AN  ENGINEERING  SOLUTION  TO  IMPROVE  WATER  QUALITY 

IN  A  TIDAL  LAGOON.  R.  W.  Price*,  and  C.  Y.  Kuo. 

Dept,  of  Civil  Engn. ,  Old  Dominion  Univ.,  Norfolk, 

Va.  23508. 

Rising  demand  for  better  water  quality  has  stim 
ulated  research  and  development  of  ways  to  improve 
the  quality  level  in  existing  as  well  as  proposed 
water  systems.  At  present,  most  of  the  solutions 
focus  on  biological  and  chemical  processes. 

Many  natural  or  man-made  water  bodies  act  as 
receivers  for  both  point  and  non-point  pollution 
sources .  Employment  of  biological  and  chemical 
treatment  has  proved  successful  in  many  of  these 
cases;  however,  in  some  cases  a  more  natural  phys¬ 
ical  solution  of  an  engineering  mode  would  be  more 
desirable.  A  "flushing"  technique  using  the  tidal 
fluctuation  as  a  driving  force  has  been  investi¬ 
gated  and  the  water  quality  level  monitored  as  a 
function  of  several  dimensionless  variables.  Two 
types  of  outlets  for  flushing  were  considered  - 
first,  an  open-channel  system  and  second,  a  cul¬ 
vert  system.  With  the  aid  of  modeling  techniques, 
detailed  information  has  been  generated  to  be 
applied  in  water  quality  analysis  and  engineering 
design. 

NONLINEAR  STREAMING  IN  BOUNDARY  LAYER  FLOW.  M.  Romaniuk, 
and  D.  P.  Telionis.  Dept,  of  Eng.  Science  and  Mech. ,  Va. 
Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 

The  response  of  the  laminar  boundary  layer  to  oscillations 
of  the  outer  stream  has  been  studied  up  to  now  either  via 
asymptotic  expansions1  or  through  numerical  calculations2. 

All  such  asymptotic  expansions  in  literature  were  confined 
to  large  or  small  values  of  the  frequency,  co,  and  were  trun¬ 
cated  at  the  linear  term  of  the  outer  flow  oscillation  ex¬ 
pansion  Ujx.y.t)  =  Ug(x,y)  +  eU-i  (x,y)ei“t  +  E2U2(x,y)e2i“t 
+  ...  .  It  is  presently  proposed  to  use  the  expansion  only 
in  powers  of  e.  In  this  way  the  number  of  independent  vari¬ 
ables  is  reduced  from  three  to  two.  Partial  differential  e- 
quations  are  then  solved  numerically  with  the  frequency,  u, 
as  a  parameter  and  the  reduction  in  computer  time  and  space 
is  drastic.  The  method  is  not  confined  to  sinusoidal  oscil¬ 
lations  of  the  outer  flow  or  to  specific  body  configurations 
that  permit  similar  solutions  of  the  steady  part  of  the  flow. 
Collecting  terms  of  order  e2  the  perturbation  gives  rise  to 
terms  independent  of  time,  that  correspond  to  the  steady 
streaming  phenomenon2.  Preliminary  numerical  calculations 
have  been  performed  to  compare  the  phase  differences  and  ve¬ 
locity  overshoots  with  previous  analytical  or  experimental 
methods.  References:  1.  Ackerberq,  R.C.  and  Phillips,  J.H., 

J.  Fluid  Mic¥.',“TI~137-157  (1972).  2.  Tsahalis,  D.Th .  and 

Telionis.  D.P.,  AIAA  J.,  12,  1469-1476  (1974).  3.  Stuart, 

J.T.,  J.  Fluid  Mech.,  24,  673-687  (1966). 

PREDICTION  OF  ALGAL  GROWTH  POTENTIAL  FROM  CHEMICAL  NUTRIENT 
ANALYSIS.  M.  D.  Smolen*.  Southern  Piedmont  Res.  and  Cont. 

Educ.  Ctr.,  Blackstone,  Va.  23824 

Weekly  water  samples  were  obtained  from  the  reservoir  and 
major  tributary  streams  of  the  Occoquan  watershed  and  analyz¬ 
ed  for  forms  of  nitrogen  and  phosphorus.  A  portion  of  these 
samples  were  also  subjected  to  AGP  analysis  using  Anabaena  and 
Selenastrum.  Distinctly  different  responses  were  noted  for 
the  two  test  species  on  water  samples  from  several  locations. 
Correlation  analysis  for  AGP  yield  with  chemical  nutrient 

tions  relate  closely  to  the  AGP  yields^bserved .  Although 

low  to  extreme  high  levels,  no  significant  positive  correla¬ 
tion  with  AGP  yield  was  noted. 

A  series  of  curves  is  presented  which  show  observed  AGP 
yield  as  a  function  of  nitrate  concentration  at  various  phos¬ 
phate  levels.  The  results  indicate  that  nitrate  concentra¬ 
tion  determines  Selenastrum  yield  when  phosphate  contentra- 
tion  is  greater  than  .010  mg-P/L.  Anabaena.  however,  re¬ 
sponds  to  nitrate  concentration  only  when  total  phosphate 
concentration  is  greater  than  .150  mg-P/L. 

MECHANICAL  PERFORMANCE  OF  P0LYGLYC0LIC  ACID  SUTURES.  Jill 
Stein*,  John  Thacker*,  M.S.M.E.,  George  Rodeheaver*,  Ph.D., 

J.W.  Moore*,  Ph.D.,  Richard  F.  Edlich*,  M.D.  Dept,  of  Plas¬ 
tic  Surgery,  Dept,  of  Mech.  Engr.,  Univ.  of  Va.,  Charlottes¬ 
ville,  Va.  22901 

A  study  of  the  properties  of  two  new  polyglycol ic  acid 
(PGA)  absorbable  synthetic  sutures  was  made  to  determine  me¬ 
chanical  reliability  of  these  sutures  on  a  comparative  basis. 
Tensile  strength,  knot  holding  force,  and  knot  slippage  were 
examined  using  knots  tied  at  standardized  tying  tensions. 

The  square,  surgeon,  and  granny  knots  were  tied  and  tested 
using  two  to  five  throws.  The  sutures  were  tested  dry  and 
were  then  soaked  in  plasma  to  stimulate  "in  vivo"  perfor¬ 
mance.  These  knots  were  tested  on  an  Instron  Tensile  Tester 
with  the  patient's  side  of  the  knot  inserted  into  the  jaws 
and  extended  at  a  constant  rate. 

Comparison  of  the  properties  of  the  two  PGA  sutures  with 
those  of  a  silk  suture  showed  that  the  slippage  was  less  for 
the  PGA  and  knot  holding  force  slightly  greater.  The  PGA 
knots  secured  with  two  throws  in  all  cases  but  one,  requiring 
less  throws  than  silk  and  therefore  leaving  less  foreign  ma¬ 
terial  in  the  wound.  Surgeons  should  be  aware  of  the  advan¬ 
tages  of  the  PGA  sutures  and  its  performance. 

INSTREAM  BIOMONITORING  OF  INDUSTRIAL  WASTEWATER  EFFLUENTS. 

Garson  F.  Westlake.  Bioloqy  Dept.,  VPI&SU,  Blacksburq, 

Va.  24061 

The  present  level  of  surveillance  of  industrial  waste 
discharges  is  too  irregular  to  detect  many  damaging  spills 
from  point  sources.  Even  when  a  spill  is  detected,  it  is 
often  too  late  to  take  any  meaningful  corrective  action. 

Chemical -physical  monitoring  frequently  does  not  enable  one 
to  predict  the  toxicity  of  complex  waste  effluents.  However, 
a  biological  monitoring  system  is  able  to  integrate  these 
effects  and  provide  an  early  warning  of  changes  in  toxicity. 

A  fully  automated  biological  monitoring  system  using 
sublethal  responses  of  fish  has  been  developed  and  tested 
successfully  in  the  laboratory  since  1967.  A  description 
is  given  of  its  installation  on  an  industrial  site.  The 
monitoring  is  carried  out  remotely  over  standard  telephone 
lines  and  evaluations  are  made  by  a  small  computer  on  a 
continuous  basis  automatically  producing  alarms  of 
developing  toxic  conditions  at  the  site  where  they  are 
produced. 
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PREFERENTIAL  CONCENTRATION  OF  TOXIC  ELEMENTS  IN  SMALLER 
AEROSOLS.  J.  J,  Singh.  D.  C.  Woods*.  NASA  Langley  Res. 

Ctr.,  Hampton,  Va.  23665,  R.  K.  Jolly*,  S.  K.  Gupta*, 

G.  Randers-Pehrson*,  D.  C.  Buckle*,  and  H.  Aceto,  Jr.*, 

Va.  Assoc.  Res.  Ctr.,  Col.  of  William  and  Mary,  Newport 

News,  Va.  23606 

Aerosols  from  aircraft  engines  were  collected  for 

24  hours  with  an  Andersen  eight-stage  cascade  sampler.  The 
aerosol  samples  from  each  stage  were  analysed  for  their 
elemental  composition  using  the  proton  induced  X-ray 
emission  technique.  Seventeen  elements  (Si,  P,  S,  Cl,  K, 

identified  and  quantitated  at  each  stage.  Six  elements 
(S,  Ca,  Fe,  Zn,  Sr,  and  Pb)  showed  fractional  concen¬ 
tration  increase  with  the  decreasing  aerosol  size. 

Similar,  but  less  well  defined,  trends  were  also  observed 
for  V  and  Ni.  Silicon  and  chlorine,  on  the  other  hand, 
showed  an  opposite  trend.  Fractional  concentrations  for 
the  other  elements  were  essentially  constant  among  the 
various  stages. 

A  METHOD  FOR  THE  MEASUREMENT  AND  THE  STATISTICAL  ANALYSIS  OF 
ATMOSPHERIC  TURBULENCE.  H.  W.  Tieleman.  Dept,  of  Engineer¬ 
ing  Science  and  Mechanics,  VPI  &  SU,  Blacksburg,  Va.  24061 
Instantaneous  voltage  measurements  representing  the  wind 
velocity  and  the  temperature  are  obtained  with  a  three  dimen¬ 
sional  anemometer  system.  The  output  voltages  are  sampled  at 
a  rate  of  200  samples  per  second,  digitized  and  stored  on 
digital  magnetic  tape.  These  data  are  gathered  by  a  specially 
designed  data  acquisition  system.  New  calibration  procedures 
permit  rapid  conversion  of  the  digital  voltages  into  velocity 
components  and  temperature.  Each  40  minute  data  sample  is 
divided  into  58  blocks  consisting  of  8192  data  points  each. 
Stationarity  of  the  time  histories  is  checked  by  inspection 
of  the  block-means  and  block-variances  and  is  also  checked 
with  the  use  of  a  statistical  trend  test.  The  velocity 
components  are  transformed  into  the  meanwind  oriented 
coordiante  system.  Mean  values,  variances  and  covariances  of 
these  new  components  are  calculated  for  each  data-block  and 
consequently  averaged  to  produce  the  sample-means,  variances 
and  covariances.  Power,  co-  and  quad  spectra  of  the  wind 
components  and  the  temperature  are  obtained  with  the  use  of  a 
newly  developed  algorithm  for  the  fast  Fourier  transform. 
Comparison  of  the  results  of  this  system  with  the  results 
from  Gill-propellor  anemometers  is  very  good.  Accurate  wind 
measurements  can  be  made  in  a  frequency  range  from  0.005  to 

100  Hertz.  At  the  present^six  probes  have  been  mounted  on 
the  250  foot  Meterorological  Tower  at  NASA-Wallops  Flight 
Center. 

RADAR  MEASUREMENT  OF  SIGNIFICANT  WAVE  HEIGHT.  E.  J.  Walsh*, 
NASA  Wallops  Flight  Center,  Wallops  Island,  VA  23337 

The  average  range  distribution  of  the  return  for  a  nadir- 
directed  radar  is  just  the  convolution  of  the  sea  surface 
height  distribution  and  the  antenna  pattern  range  weighting 
when  only  small  off-nadir  angles  are  involved.  The  signifi¬ 
cant  wave  height  (SWH)  can  be  determined  using  either  a 
pulse- limited  radar  altimeter  or  a  beam-limited  target- 
referenced  radar. 

In  the  measurement  of  SWH  using  the  radar  altimeter  it  is 
desirable  to  have  a  wide  antenna  beamwidth  so  that  the  lead¬ 
ing  edge  of  the  return  will  be  an  error  function  centered  at 
msl.  The  range  distribution  of  the  radar  return  is  measured 
in  detail  and  the  surface  height  distribution  is  found  by 
differentiating  the  leading  edge  of  the  return. 

On  the  other  hand,  the  beam- limited  target-referenced 
systems  have  no  range  information,  nor  do  they  need  any. 

They  simply  develop  a  measure  of  the  range  extent  of  the 
target  and  the  individual  measurements  may  be  averaged 
directly,  without  alignment,  eliminating  the  need  for  a 
range  tracker.  For  this  system,  it  is  desirable  to  have  a 
narrow  beamwidth  so  that  the  system  essentially  observes 
the  range  extent  of  the  surface  height  distribution.  The 
advantages /disadvantages  of  the  two  types  of  system  are 
discussed  and  some  pulse-limited  data  are  shown  for  various 
values  of  SWH. 

BEACH  PROCESSES  IN  A  MICRO  TIDAL  ENVIRONMENT.  A.  T. 

Williams*.  Dept,  of  Environmental  Sciences,  Univ.  of  Va., 
Charlottesville,  Va.  22903 

Several  Hong  Kong  beaches  were  selected  for  a  study  of 
erosional  and  depositional  processes.  Measurements  of 
beach  elevation  changes  over  a  half-tidal  cycle  revealed 
that  patterns  of  erosion,  deposition  and  erosion  were 
characteristic  of  an  ebb  tide;  vice  versa  for  a  flood  tide. 

These  changes  (maximum ^50  cm)  were  minor  in  comparison  with 
seasonal  changes.  The  latter  were  brought  about  by  shifts 
in  the  climatic  pattern,  producing  two  distinct  sets  of 
prevailing  winds  for  summer  and  winter.  This  generally 
resulted  in  'cut'  processes  in  summer,  'fill'  processes  in 
winter.  Statistical  analysis  of  sediment  parameters  showed 
strongly  delineated  foreshore  zones. 

The  'step'  zone  was  found  not  to  be  exclusively  controlled 
by  breakers.  Depth  of  disturbance  studies  revealed  patterns 
of  sedimentation  units,  and  values  recorded  were  much 
greater  than  reported  elsewhere.  Breaker  height  and  beach 
slope  were  the  independent  variables  determining  the  depth 
of  disturbance.  Mean  grain  size  was  the  principle  control 
over  sorting  rather  than  the  hydraulic  factors. 
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MULTIPLE  DEFORMATION  AND  METAMORPHISM  FROM  STRUCTURAL  ANALY¬ 
SIS  IN  THE  EASTERN  PENNSYLVANIA  PIEDMONT.  R.V.  Amenta,  Dept, 
of  Geology s  Madison  Col. s  Harrisonburg,  Va.  22801. 

The  Wissahickon  Formation  in  the  Piedmont  near  Philadel¬ 
phia  exhibits  5  generations  of  minor  structures  and  2  epi¬ 
sodes  of  metamorphism,  M]_  and  M2.  Deformation  D2  produced 
the  dominant  southeastward  overturned  folds  and  was  associ¬ 
ated  with  basement  uplift  along  vertical  faults  with  diapiric 
rise  of  ultramafic  rocks.  Apparently  the  grade  of  metamor¬ 
phism  during  D2  was  low,  but  Mj_  predated  and  M2  postdated  D2- 
M]_  was  contemporaneous  with  Dj_  which  produced  similar  folds, 
Fl,  with  axial  plane  schistosity,  Sj_,  and  hornblende  linea- 
tion,  Lx-  M2  was  partially  contemporaneous  with  D3  which 
produced  recumbent  parallel  folds,  F3,  with  horizontal  frac¬ 
ture  and  crenulation  cleavages,  S3.  M2  outlasted  D3  as  evi¬ 
denced  by  growth  of  porphyroblasts  over  S3.  D4  occurred  dur¬ 
ing  waning  of  M2  and  produced  a  southeast  dipping  crenulation 
cleavage,  S4,  which  is  parallel  to  axial  planes  of locally 
occurring  folds.  D4  structures  become  more  intensely  devel¬ 
oped  northwest  and  are  possible  the  dominant  minor  structures 
near  the  Martic  line.  Ds  structures  are  weakly  developed. 

It  is  suggested  that  (1)  Dx-Mx  was  an  early  phase  of  the 
Taconic  orogeny,  (2)  D2  was  a  post-metamorphic  phase  of  the 
Taconic  orogeny  associated  with  (pre-Silurian?)  emplacement 
of  ultramafic  rocks,  (3)  D3-M2  was  a  phase  of  the  Acadian 
orogeny  and,  (4)  D4  and  D5  were  late  phases  of  the  Acadian 
orogeny  or  phases  of  the  Alleghanian  orogeny. 


COASTAL  PLAIN  GEOLOGY  OF  GREATER  RICHMOND. 

Paul  A.  Daniels,  II.  Va.  Div.  of  Mineral  Resources,  P.  0. 
Box  3667,  Charlottesville,  VA.  22903 

Surface,  subsurface,  and  environmental  geologic  maps  lave 
been  constructed  for  four  7.5-minute  quadrangles  in  the 
Richmond,  Va.  area.  The  surficial  geology  in  these  quad¬ 
rangles  is  dominated  by  four  genetically  defined  Coastal 
Plain  sedimentary  units  that  represent  various  depositional 
systems. 

Because  the  physical  character  of  the  sediments  can  be 
related  to  the  depositional  environment,  geologic  maps  of 
genetically  defined  units  can  aid  in  resolving  landuse  con¬ 
flicts  by  delineating  (1) geologic  constraint  on  landuse  cap¬ 
ability,  (2) areas  of  potential  conflict,  and  providing  (3) 
inventories  of  mineral  resource  potential,  and  (4) a  natural, 
non-political  basis  for  landuse  planning  policies. 


GEOLOGY  OF  THE  HOAK-HERSHBERGER  HILLS  AREA*  PAGE  CO,,  VA. 

C.  H.  Cherrywell*.  Dept,  of  Geology,  Madison  Col.,  Harrison- 
Lux's"  Va.  22(551. 

The  Hoak-Hershberger  Hills  area*  in  the  upper  central  1/9 
of  the  Big  Meadows  7. 5-minute  quadrangle*  is  on  the  western 
flank  of  the  Catoctin  Mountain-Blue  Ridge  anticlinorium. 

Pedlar  Fm.  and  the  Catoctin  Fa.  (expanded  to  incorporate 
the  former  Swift  Run  Fm.  as  the  basal  unit  and  the  Loudoun 
Fa.  as  an  upper  metasediaentary  unit)  underlie  the  lower 
Cambrian  Chilhowee  Group  (Weverton,  Harpers*  Antietam  Fms.) 
with  overturned  dips  of  30  -80  SE,  striking  M30  -L.0  E. 
Stratigraphic  thickness  of  the  Weverton  was  decreased  to  600' 
and  the  Harpers  increased  to  2600*  based  upon  only  the  former 
containing  quart®  pebbles  in  its  phyllite  and  ferruginous 
sandstone  beds. 

Detailed  mapping  of  stratigraphic  relationships  and  brec- 
eiated  aones  is  intrepreted  to  indicate  a  series  of  reverse 
faults.  The  Stanley  Fault  (vertical)  brought  the  upthrowi  SB 
block  of  older  Preeambri&n  Pedlar  into  contact  with  Antietaa 
in  the  south  corner  of  the  hills.  Simultaneously*  this  An- 
tietam  was  faulted  upward  by  two  reverse  faults  giving  appro*, 
imately  7000*  of  exposure  (stratigraphic  thickness— .800' ). 
These  were  overridden  by  three  reverse  faults  subsequently 
bringing  up  the  older  Harpers,  Weverton,  and  Catoctin.  A  NW 
trending  fault  occurred  along  the  a-c  plane  creating  visible 
lineations  on  ERTS  and  normal  aerial  photography. 

Fault  action  emplaced  (by  lateral  secretion)  copper  on 
Hoak  Hill. 


A  GEOPHYSICAL  STUDY  IN  THE  SURRY  NUCLEAR  POWER  PLANT  AREA, 
VIRGINIA.  J.  B.  Dischinger*,  C.  M.  Isaacs*,  R.  E.  Van  Nleu- 
wenhuise*.  Department  of  Physics  and  Geophysical  Sciences, 
Old  Dominion  University,  Norfolk,  VA  23508. 

A  simple  Bouguer  gravity  map  was  made  for  the  area  defined 
by  latitudes  37°C0  00"  and  37°18'00",  longitudes  76°37'30" 
and  77°00'00".  The  map  is  based  on  320  observations,  and 
contoured  at  an  interval  of  one  milligal.  The  map  shows  two 
major  anomalies  in  the  vicinity  of  the  Surry  nuclear  power 
plant:  a  gravity  high  and  a  low.  Both  anomalies  trend  NE- 
SW.  If  these  anomalies  solely  reflect  density  contrasts 
caused  by  variations  in  the  topography  of  the  basement ,  then 
quantitative  interpretation  suggest  a  basement  relief  of 
about  2000',  which  may  be  due  to  faulting. 

Three  vertical  electrical  resistivity  soundings  (VES) 
were  made  in  the  area  to  test  the  validity  of  the  gravity 
interpretation.  Interpretation  of  these  soundings  suggests 
that  there  is  an  increase  in  the  thickness  of  the  sedimentary 
rocks  associated  with  the  gravity  low.  However ,  in  the  ab¬ 
sence  of  resistivity  data  from  wells  drilled  to  the  crystal¬ 
line  basement,  the  interpretation  of  V.E.S.  and  gravity  data 

Although  the  interpretations  presented  here  are  not  con¬ 
clusive,  they  point  to  the  possible  existence  of  a  major 
fault  in  the  vicinity  of  the  Surry  nuclear  power  plant,  and 
the  need  for  further  investigation  based  on  seismic  surveys 
and  control  from  wells  drilled  to  the  basement  complex. 
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KARST  GEOLOGY  AND  GEOLOGIC  PLANNING  CONSIDERAT¬ 
IONS  IN  HALL'S  BOTTOM,  WASHINGTON  COUNTY, 

VIRGINIA.  Joseph  H.  Pagan*,  and  Gregg  A. 

Hollomon*.  Dept,  of  Geology,  Emory  and  Henry 

Col.,  Emory,  Va.  24327 

Hall’s  Bottom  is  a  karst  area  located  5  miles 
east  of  Bristol  in  a  rural  section  of  Washington, 

Co.,  Va.  underlain  by  limestone  and  dolomite  of 
Cambrian  and  Ordovician  age.  The  area  is  drained 
by  Sinking  Creek,  which  enters  a  cave  and  flows 
underground  for  1.15  miles  before  resurging  at 
‘  Preston  Spring  (confirmed  by  dye 

formation'  During  periods  of  heavy  rain,  flooding 
takes  place  when  the  stream  flow  exceeds  the  cap- 

barrier  should  be  placed  some  distance  from  the 
cave  to  prevent  flood  debris  from  blocking  the 
entrance.  A  relatively  thin  soil  makes  ground- 
water  pollution  a  constant  threat.  The  present 
agricultural  land  use  should  be  maintained  because 
of  its  low  impact  on  this  sensitive  area. 

THE  SEDIMENTATION  FLUME  AT  MADISON  COLLEGE.  P.  W.  Harlem*. 

Dept,  of  Geology,  Madison  Col.,  Harrisonburg,  Va.,  22801 

Madison  College  is  presently  constructing  a  sedimentation 
flume  for  use  in  teaching  and  research.  The  flume  will  be 

ancient  rocks  can  be  formed  under  different  flow  regimes. 

gradec^bedding*  deltas,  dunes  md  antidunes  can  be  produced. 
Research  on  the  effect  of  water  flow  on  grain  orientation 
and  size  sorting  can  also  be  performed. 

The  flume  will  be  a  nonrecirculating  type  that  has  a 
sediment  trap  at  the  exit  end  to  prevent  sand  from  returning 
through  the  pump  to  the  head  of  the  flume.  In  this  type  of 

The  1  x  2  x  18  foot  test  channel  wil/be  constructed  of  one- 
half  inch  plexiglass  and  will  be  supported  by  a  wood  truss 
with  a  pivot  at  the  head  and  a  hydraulic  jack  at  the  exit 

the  s^p  that  feeds  the  pur!p.  Flow  rates  will  be  adjusted 

^Apparent  changes  in  denudation  rates  may  be  useful  in 
determining  the  effect  of  man's  influence  on  the  land.  The 

the  denudation  rate  from  .95  in. /lOOOyrs. ,  to  .87  in./lOOO 
solid  load  ofP24%  is  responsible  fo/this.  Dissolved  load, 

PETROLOGY  OF  THE  DIAMOND  HILL  MEMBER,  EDINBURG  FORMATION: 

A  MARINE  CLASTIC  CARBONATE  STUDY.  J.L.  Hincks*.  Dept, 
of  Geology,  Coll,  of  William  and  Mary,  Williamsburg,  Va. 

mictic  clastic  limestone  unit  within  the  "Liberty  Hall" 
shale  lithofacies  of  the  Middle  Ordovician  Edinburg  Forma- 

Basin  size  is  an  important  factor  in  denudation  rates. 

Based  on  fieM  evidence,  and  petrographic  data  the  unit 
consists  of  two  subunits:  U)  a  lower  conglomerate  inter- 
bedded  with  graptolitic  silty  shales  and  C2)  an  upper 
massive  conglomeratic  unit.  Small-scale  scour  channel 

an^^OSmiy^respectively.  ^Chemica^erosio^i^the^small^ 

during  post-deposi ti ona 1  folding. 

when  compared  to^the^role^it  plays  in  the  Rappahannock  Basin 

depositon  In  the  original  site  of  limeclast  formation;P(2) 

llit^uElfrH^LS:  ^LlL'exacrffures 

remaining  pore  spaces  followed  by  partial  recrystallization 

Results  of  this  study  suggest  that  the'oiamond  Hill  is 

basin  deriving  source  material  from  a  nearby  Edinburg  For- 

SCAPOLITE  AT  ROCK  CASTLE,  VA.  M.G.  Moseley*.  Dept,  of 
Geology,  Col.  of  William  and  Mary,  Williamsburg,  Va.  23185 

PIEDMONT  OF  VIRGINIA,  Leslie  J.  Parsons*,  Dept,  of  Geology, 

theiSiiSailn3ii'2osH°islHaiitir^oS3d 

H^ov^^d^HS  ^tiHl^vSSifSs  3Eiedland’ 

half  of  a  domal  structure.  An  axi^of  metamorphism  trending 

Mills  7  1/2  minute  quadrangles  in  Powhatan  county  displayed 

diffraction  data,  the  scapolite  unit  cell  has  dimensions  of 
a=12.14(3)A,  c=7. 57 (4)X,  and  a  volume  of  1116(5)a3.  The 
indices  of  refraction  as  measured  with  index  oils  are  N0= 

western  flank  of  the  d^ne. 

Foliation,  parallel  or  sub-parallel  to  bedding,  strikes 
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SPLAT  COOLING  OF  DENTAL  ALLOYS.  G.  S.  Cutler*  and  L.  B. 

THERMAL^CONDUCTIVITY^VERSUS^PRESSURE^AND  ANHARMONIC  FOR^ 

maxima  and  deflection  points  were  shifted  to  higher  pressures 
corresponding  to  3T/3p  =  25,  26  and  16  °C/kbar  for  PMMA,  PEMA 

of  K  is  shown  to  lead  to  a  very  simple  expression  Ak/K  = 

of  our  work  imply  that  the  polymeric  glassy  state  is  not  in 

SLIP  GEOMETRY  AND  FRACTURE  IN  a-Fe  SINGLE  CRYSTAL  WHISKERS. 

R.  N.  Gardner*  and  H.  G.  F.  Wilsdorf.  Dept,  of  Materials 
Science,  University  of  Va. ,  Charlottesville,  VA  22901 

IN- SITU  RADIATION  DAMAGE  IN  A  HIGH  VOLTAGE  ELECTRON  MICROS¬ 
COPE.  J.  A.  Horton*  and  W.  A.  Jesser,  Dept,  of  Materials 
Science,  University  of  Va. ,  Charlottesville,  VA  22901 

hardeningW^ndktheseecurves  depictXunif ormlTspaced!  multiple 
serrations.  The  complex  nature  of  deformation  preceding 
fracture  was  exemplified  by  the  observation  of  slip  asym¬ 
metry,  "unexpected  (110)  slip",  and  twinning. 

at  temperatures  up  to  800°C.'  The  radiation  damage  produced 

failed  by  a  large  reduction  in  area. 

and  Mech . \  Va.  Poly.  Inst.  &  State  Univ.,  Blacksburg,  Va. 

forcement  of  the  specimen  and  it  is  found  that,  in  some 

13175. S  W°rk  ^  SUPP°rted  "nder  NASA  Contract 

DETERMINATION  OF  THE  ELASTIC  MODULI  FOR  ORTHOTROPIC  FIBER 
REINFORCED  COMPOSITE  MATERIALS.  R.  D.  Kriz*  and  W.  W. 
Stinchcomb.  Dept,  of  Engineering  Science  and  Mechanics,  Va. 
Polytechnic  Inst,  and  St.  Univ.,  Blacksburg,  VA.  24061 

Three  dimensional  transversely  isotropic  materials  prop¬ 
erties  are  calculated  for  a  fiber  reinforced  composite  lam¬ 
inae.  Modification  of  present  formulas  for  calculating  three 
dimensional  material  properties  allows  one  to  include  the 
transverse  isotropic  nature  of  the  fibers.  The  modified 
formulas  were  discovered  to  give  improved  bounds  for  the 
special  case  of  an  isotropic  fiber.  The  paper  presents  the 
basic  concepts  for  the  formulation  of  necessary  relation¬ 
ships  between  elastic  constants  and  the  methods  of  solution. 

The  results  are  presented  to  show  the  dependence  of  the 
various  three  dimensional  properties  on  the  fiber  volume 
fraction  of  the  laminae. 
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THE  DEVELOPMENT  OF  NEUTRAL  GAS  BEAMS  WITH  SATELLITE  VELOCI¬ 
TIES  FOR  SURFACE  INTERACTION  STUDIES.  Alphppa  Smith,  NASA- 
Langley  Research  Center,  and  George  Sanzone,'  Dept,  of 

Chemistry,  VPI  &  SU 

Many  satellite  and  entry  experiments  have  experienced 
serious  measurement  problems  which  have  been  associated  with 
reactions  of  atmospheric  gases  with  exposed  surfaces.  Recent 
achievements  in  upper  atmospheric  and  interplanetary  flight 
have  also  emphasized  a  need  for  comprehensive  data  on  the 
nature  of  gas-surface  reactions.  Consequently,  there  is  a 
well-documented  need  for  well-characterized  but  easily - 
formed  ion  beams  with  particle  speeds  of  about  10®  cm  sec-!. 

Ion  beams  have  been  prepared  in  the  past  by  charge- 
exchange,  but  the  presence  of  metastable  ions  in  such  beams 
has  not  been  extensively  studied  or  exploited.  In  this 
paper,  we  report  on  a  program  directed  at  the  study  and 
characterization  of  oxygen  ion  beams.  Contributions  of 
metastables  to  charge  exchange  cross  sections  are  treated. 
Applications  of  beam-formation  techniques  and  charge- 
exchange  data  to  the  study  of  gas-surface  interactions  are 
discussed. 

EFFECT  OF  MATERIAL  NONUNIFORMITY  ON  RESPONSE  OF  NUCLEAR- 
RELATED  PRESSURE  VESSELS.  G.  Subbaraman*  and  K.  L. 

Reifsnider.  Engr.  Sci.  &  Mech.  Dept.,  Va.  Poly.  Inst.  & 

State  Univ.,  Blacksburg,  VA  24061 

Stainless  steel  alloys  proposed  for  fuel  cladding  of  the 
Liquid  Metal  Fast  Breeder  Reactor  (LMFBR)  are  known  to  de¬ 
grade  under  longtime  exposure  to  liquid  sodium  at  high  tem¬ 
perature  and  high  neutron  flux.  This  degradation  is  known 
to  be  nonuniform  through  the  thickness  of  the  tube.  A  stress 
analysis  of  such  a  tube  under  pressures  of  800  psi ,  as 
might  be  encountered  in  the  gas  plenum  portion  in  the  LMFBR, 
is  carried  out,  with  allowance  for  spatially  varying  mate¬ 
rial  properties.  A  closed  form  solution  to  the  equations 
of  equilibrium  with  cylindrical  symmetry  is  obtained  for 
the  simple  form  f(r)  =  1/r  for  the  spatial  variation. 

Variation  of  the  results  from  earlier  treatments  are  dis¬ 
cussed. 

AN  INVESTIGATIVE  STUDY  OF  CRACK  INITIATION  PHENOMENA,  A.Talug* 
and  K.  L.  Reifsnider.  Engr.  Sci.  &  Mech.  Dept.,  V a.  Poly. 

Inst.  &  State  Univ. ,  Blacksburg,  V a.  24061. 

In  many  important  common  situations,  crack  initiation  con¬ 
stitutes  most  of  the  fatigue  failure  process.  While  much 
attention  has  been  directed  to  the  metallurgical  aspects  of 
initiation,  relatively  little  attention  has  been  given  to  the 
phenomenon  as  a  mechanics  problem.  The  present  paper  considers 
a  combination  of  data  produced  by  scanning  electron  microscope 
study  of  fatigue  initiation  sites  and  by  an  analysis  of  stress 
fields  around  a  short  edge  crack  in  a  plate.  Special  atten¬ 
tion  is  given  to  the  effect  of  the  near  surface  on  stress  field 
development  and  subsequent  initiation  behavior. 

STRESS  ANALYSIS  BY  STRESS-H0L0-INTERFER0METRY.  Y.  T.  Yeow * 
and  H.  F.  Brinson.  Dept,  of  Engineering  Science  and  Mechan¬ 
ics,  Blacksburg,  Va.  24641. 

A  brief  but  concise  description  of  holographic  interfer¬ 
ometry  in  general,  and  stress-holo-interferometry  or  holo¬ 
graphic  photoelasticity  in  particular,  is  given.  Also  the 
analytical  development  of  an  infinitely  long  strip  with  a 
symmetrically  or  unsymmetrical ly  located  hole  under  either 
uniaxial  tension  or  four  point  bending  is  described.  These 
two  theoretical  problems  are  verified  experimentally  with 
an  interferometer  which  utilizes  a  double  pass  laser  system 
to  acquire  the  isopachics  and  isochromatics  simultaneously. 
Comparison  between  experiments  and  theory  are  demonstrated 
only  for  two-dimensional  cases.  However,  extensions  to 
three-dimensional  cases  are  discussed.  The  advantages  and 
limitations  of  the  double  pass  interferometer  are  evaluated. 
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AN  UNEXPECTED  RELATIONSHIP  BETWEEN  THE  FORMATION 
OF  THE  OtAND  &  CHAINS  OF  HEMOGLOBIN.  M.D. GARRICK 
and  L.M. Garrick,  Dept,  of  Biochem. ,  State  Univer¬ 
sity  of  N.Y.,  Buffalo,  N.Y.  14207 

Understanding  the  relation  between  formation  of 
ec  and  chains  of  hemoglobin  is  critical  to  de¬ 
veloping  rational  management  of  the  thalassemias. 
The  fi  globin  chain  of  certain  rabbits  contains  no 
isoleucine  while  the  OC  chain  contains  three  iso- 
leucyl  residues.  L-O-me thy 1  threonine ,  an  isoleu¬ 
cine  isostere,  inhibits  incorporation  of  radio- 
labeled  amino  acids  into  ot  chains  by  rabbit  reti¬ 
culocytes.  When  oC  chain  synthesis  is  inhibited  by 
50-85%,  /i  synthesis  is  stimulated  by  15-50%.  The 
stimulation  does  not  occur  when  ImM  2-mercapto- 
ethanol  is  added  to  the  incubation  or  when  the 
cells  are  excessively  diluted.  Elongation  of  /9 
cha ins  increases  more  than  initiation  although 
both  are  speeded  up  during  stimulation;  suggest¬ 
ing  that  initiation  is  the  rate  limiting  step  in 
increased/}  chain  production.  The  unexpected  sti¬ 
mulation  of  /)  synthesis  is  interpreted  as  result¬ 
ing  from  relief  of  competition  betweenflC.  and  /S 
mRNAs  for  limiting  components  of  the  protein  syn¬ 
thetic  apparatus. 


MICRO-METHOD  FOR  MEASURING  ACETYLCHOLINE  TURNOVER  IN  BRAIN 
TISSUE  IN  VIVO.  M,  Karbowski*,  A.  Jagoda*,  W.L.  Dewey,  and 
L.S.  Harris,  Dept,  of  Pharmacology,  Med.  Col.  of  Va. ,  Rich¬ 
mond,  VA  23298 

Our  knowledge  of  cholinergic  function  in  the  central  ner¬ 
vous  system  has  been  hampered  by  the  lack  of  a  sensitive  and 
reliable  method  for  measuring  the  turnover  rate  of  acetylcho¬ 
line  (Ach)  in  the  brain.  Thus,  we  have  developed  a  technique 
by  which  one  can  accurately  measure  the  in  vivo  conversion  of 
a  radioactive  precursor  (choline)  into  product  (Ach),  and 
arrive  at  the  synthesis  rate  of  Ach.  Mice  were  sacrificed  by 
decapitation  at  various  times  after  the  i.v.  Injection  of  10 
uCI  Me-3H  choline  (Ch).  The  brains  were  removed  and  homogeni¬ 
zed  in  formic  acid/acetone  within  less  than  one  minute.  3H-Ch 
and  3H-Ach  were  separated  from  3H-choline  phosphate  (CP)  by 
extraction  into  tetraphenyl boron  in  heptanone.  Subsequently, 
3H-Ch  was  separated  from  3H-Ach  by  first  converting  Ch  to  CP 
using  choline  kinase  (E.C.2.7.1 .32)  in  the  presence  of  ATP, 
followed  by  the  extraction  of  Ach  into  tetraphenyl boron  In 
heptanone.  Endogenous  levels  of  Ach  and  Ch  were  determined 
by  the  method  of  Goldberg  and  McCaman  (J.  Neurochem.  1973). 
Knowing  the  specific  activity  of  Ch  and  the  amount  of  Ach 
(dpm/g)  at  different  times,  the  rate  of  Ach  formation  in 
vivo  was  calculated.  Using  these  techniques,  we  have  deter- 
mined  the  Initial  velocity  of  Ach  formation  to  be  about  15 
nmoles/min/g,  yielding  a  turnover  time  of  approximately  one 
min.  Only  20  mg  of  tissue  are  needed  for  this  procedure. 
(Supported  by  USPHS  Grant  #DA00326  and  DA00490). 


BIOLOGICAL,  FORMATION  OF  KIDNEY  STONE  NUCLEI 
IN  VITRO.  William  E.  Keefe,  Dept,  of  Microbiology, 
Med.  Col.  of  Va.  ,  Va.  Commonwealth  Univ. ,  Richmond, 
Va.  23220. 

It  has  been  shown  that  several  species  of  bacterium  which 
have  been  isolated  from  the  urine  or  kidneys  of  patients 
suffering  from  kidney  stones  have  the  ability  to  form 
intracellular  crystalline  deposits  of  materials  which  have 
the  same  composition  as  the  inorganic  portion  of  kidney 


Enhancement  of  S-Fluorouracil  Toxicity  by  Adrenergic  Agents. 
P.C.  Klykken*  and  A.E.  Munson*.  P.  Larson  (sponsor)  Depart¬ 
ment  of  Pharmacology,  Med.  Coll,  of  Va.,  and  the  MCV/VCU 
Cancer  Center,  Richmond,  Va.  23298. 

The  toxicity  of  S-fluorouracil  (FU)  to  Nylar-A  mice  was 
significantly  potentiated  by  pretreatment  (6-24  hr)  with  2 
mg  endotoxin/kg.  The  LD5Q  of  FU  was  140  (128-153)  mg/kg  as 
compared  to  68  (59-80)  mg/kg  for  the  endotoxin  treated  mice. 
The  slope  of  the  dose- response  curve  for  FU  was  1.378.  The 
survival  time  of  FU  treated  mice  was  4-10  days.  Mice  were 
protected  from  the  synergistic  response  by  bone  marrow  recon¬ 
stitution,  implicating  bone  marrow  as  the  target  tissue.  Pro¬ 
pranolol  (10  mg/kg  i.v.)  administered  30  min.  before  endo¬ 
toxin  partially  reversed  the  endotoxin  -  FU  synergistic 
response  suggesting  a  role  for  catecholamines  in  this  inter¬ 
actions.  Isoproterenol  (.15-1.2  mg/kg)  was  able  to  substi¬ 
tute  for  endotoxin  in  this  interaction.  Increased  lethality 
was  most  pronounced  when  isoproterenol  (.6-1.2  mg/kg)  was 
administered  i.v.  2-8  hrs.  before  FU.  Ephedrine  (100  mg/kg) 
administered  i.v.  4  hrs.  prior  to  FU  also  potentiated  FU 
lethality.  The  LD50  was  115  (103-128)  with  a  slope  of  1.291. 
The  potentiated  response  was  parallel  to  the  dose-response 
curve  of  FU  alone.  Ephedrine  did  not  potentiate  FU  lethality 
when  administered  either  simultaneously  with  or  at  .25,  .5,1, 
2  or  8  hrs.  before  FU.  Supported  by  American  Cancer  Society 
Institutional  Grant  IN- 105. 


NEURONS  OF  THE  CAUDAL  NEUROSECRETORY  SYSTEM  IN 
FISHES.  R.  M.  Kriebel*,  G.  D.  Meetz,  and 
J.  D.  Burke.  Dept,  of  Anatomy,  Med.  Col.  of  Va., 
Va.  Commonwealth  Univ.,  Richmond,  Va.  23298. 

In  all  teleosts  studied  to  date,  neurosecretory 
cells  occur  in  the  caudal  region  of  the  spinal 
cord.  It  is  the  intent  of  this  report  to  discuss 
the  neurosecretory  cells  observed  in  three  species 
currently  studied  in  our  laboratory,  namely, 
Pomatomus  saltatrix  (bluefish) ;  Pomolobus 
aestivalis  (herring) ;  Mpllienisia  latipinna 
(mollie) . 

The  neurosecretory  neurons  are  easily  recognized 
by  their  large  size  and  lobed  nuclei.  Noteable  in 
the  bluefish  and  herring  is  the  juxtaposition  of 
the  capillaries  and  the  perikarya  of  the  neuro¬ 
secretory  cells.  This  specialized  neuron  is  being 
studied  in  the  mollie  with  electron  microscopy. 

The  perinuclear  cytoplasm  of  these  cells  is  filled 
with  electron  dense  granules.  In  the  urophysis  of 
the  mollie,  caudal  neurosecretory  system  granules 
of  this  nature  are  observed  in  the  axon  terminals 
of  these  cells. 

Supported  by  A.  D.  Williams  Grant  3558  (505). 


A  SAMPLING  TECHNIQUE  AND  THE  MICROFLORA  OF  THE  VIRGIN 
BOVINE  UTERUS.  J.  Clark  Osborne,  D.  F.  Watson,  T.  L.  Bibb 
and  J.  W.  Davis.  Dept,  of  Veterinary  Science,  Va. 
Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061. 

A  sampling  technique  was  sought  that  would  provide  a 
contaminant-free  sample  of  the  uterus  and  fallopian  tube 
in  100%  of  samples  taken.  Exposure  to  the  atmosphere 
(oxygen)  must  be  less  than  thirty  minutes  for  culture  of 
obligate  anaerobes.  The  bicornate  bovine  uterus  was 
cultured  from  samples  taken  by  surgical  extirpation  of  one 
uterine  horn  and  fallopian  tube  via  left  flank  laporatomy. 
Clamping  each  end  with  hemostats  before  excision  excluded 
air  from  the  sample  during  transit  to  the  anaerobe 
laboratory.  The  procedure  was  used  in  a  study  of  the 
microflora  of  the  virgin  heifer's  uterus.  Three  Holstein 
female  calves  were  reared  completely  separated  from  males 
to  ages  15  to  18  months.  The  surgically  removed  samples 
(one  operation  7  days  pre-estrus  and  the  other  7  days 
post-estrus)  did  not  yield  growth  in  cultures  for  anaerobes, 
aerobes,  mycoplasmae,  spirillae,  fungi,  and  viruses.* 

Three  sites  in  each  horn  plus  an  endometrial  tissue  sample 
and  a  swab  of  each  fallopian  tube  were  cultured.  Histolo¬ 
gically  the  organs  were  normal.  The  surgical  procedures 
did  not  alter  significantly  the  normal  21-day  estrus  cycle 
of  the  heifers.  It  was  concluded  that  the  bovine  virgin 
heifer  uterus  is  sterile. 

*Uteri  were  shipped  in  dry  ice  for  virus  examination  by 
Dr.  C.  R.  Rossi,  Auburn  Univ.,  Auburn,  Ala. 
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THE  EFFECTS  OF  48  HOUR  NICOTINE  WITHDRAWAL  ON  HEART  RATE 

AND  RESPIRATION  THROUGH  CONTINUOUS  MONITORING  OF  ALL  NIGHT 

SLEEP  PATTERNS  IN  ADULT  FEMALES.  L.  C.  Parsons,  S.  Avery*, 

S.  Christman*,  .T.  Hopkins*,  and  M.  Seal*.  Sch.  of  Nursing, 
Dept,  of  Physiology,  Sch.  of  Med.,  Univ.  of  Va. ,  Charlottes¬ 
ville,  Va.  22903. 

Four  healthy  adult  female  smokers  between  the  ages  of  21 
and  25  were  electrophysiologically  monitored  for  5  consecu¬ 
tive  nights  following  1  conditioning  night.  The  effect  of 

48  hour  nicotine  withdrawal  on  heart  rate  and  respiration 
during  the  sleep-awake  cycle  was  determined.  All  subjects 
exhibited  a  decrease  in  mean  heart  rate  during  awake  condi¬ 
tions  of  bed  rest  on  nicotine  withdrawal  nights  1  and  2. 
Increases  in  mean  heart  rate  were  recorded  on  nicotine  re¬ 
covery  nights.  On  the  second  recovery  night  the  mean  heart 
rate  values  tended  to  show  a  return  to  control  levels.  The 
same  pattern  of  change  was  recorded  during  light  and  delta 
sleep  with  the  exception  that  on  recovery  night  2,  mean 
heart  rate  remained  elevated  above  control  values.  Respira¬ 
tory  rates  during  awake,  light  sleep  and  delta  sleep  tended 
to  show  patterns  of  increase  in  rate  in  nicotine  withdrawal 
nights  with  the  second  withdrawal  night  showing  the  lowest 
value.  Following  the  resumption  of  nicotine  respiratory 
rates  tended  to  return  to  control  levels  during  light  and 
delta  sleep  on  recovery  nights. 

This  res.  was  supported  in  part  by  NIH  (Div.  of  Nur)  Res. 
Development  Grant  //R02-NUC0345-04  and  Construction  Grant 
#lC05-NU-04225-01. 

THE  EFFECT  OF  48  HOUR  NICOTINE  WITHDRAWAL  ON  ALL  NIGHT  SLEEP 
PATTERNS  IN  ADULT  FEMALES.  L.  C.  Parsons,  N.  Luttrell,*  J. 

Mabe,  P.  Pollock*.  Sch.  of  Nursing  and  Dept,  of  Physiology, 

Sch.  of  Med.,  Univ.  of  Va.,  Charlottesville,  Va.  22903. 

Four  healthy  adult  female  smokers  between  the  ages  of  21 
and  25  yrs.  and  having  smoked  for  at  least  3  yrs.  duration 
were  electrophysiologically  monitored  for  5  consecutive 
nights  following  1  conditioning  night.  The  effects  of  48 
hour  nicotine  withdrawal  on  the  sleep-awake  patterns  were 
determined.  Stage  IV  of  sleep  tended  to  double  on  nicotine 
withdrawal  night  #1  at  the  expense  of  Stage  III.  On  the 
second  nicotine  withdrawal  night  mean  values  or  Stage  III 
and  IV  (delta  sleep)  remained  above  control  levels.  Foll¬ 
owing  a  resumption  of  smoking,  delta  sleep  remained  well 
above  control  value  for  the  2  subsequent  recovery  nights 
monitored.  Two  of  the  4  subjects  were  moderately  heavy 
smokers  (20  to  30  cigarettes  per  day)  and  tended  to  show 
higher  mean  percent  time  in  both  Stage  III  and  Iv  than 
lighter  smokers  (subjects  that  smoked  less  than  10  cig.  per 
day)  on  both  nicotine  withdrawal  and  recovery  nights.  The 
moderately  heavy  smokers  demonstrated  an  approximate  50% 
increase  in  REM  burst  on  nicotine  withdrawal  nights  when  com¬ 
pared  to  control  of  recovery  nights.  The  maximum  variation  | 

of  REM  on  any  one  night  regardless  of  condition  was  3%. 

This  res.  was  supported  in  part  by  NIH  (Div.  of  Nur)  Res. 
Development  Grant  #R02-NU0Q345-04  and  Construction  Grant 
#iC05-NU-04225-01, 

THE  DEVELOPMENT  OF  TOLERANCE  TO  THE  CHRONIC  INTRAVENTRICULAR 
ADMINISTRATION  OF  ACETYLCHOLINE  IN  MICE.  Norman  W.  Pediqo*, 
William  i  e  ;y,  and  Louis  S.  Harris,  Dept,  of  Pharmacology, 

Med.  Col.  of  Va.,  Richmond,  VA  23298 

The  antinociceptive  activity  of  intraventricularly  (ivt.) 
administered  acetylcholine  in  mice  has  been  characterized  in 
our  laboratories  (JPET,  193,  in  press).  Ivt.  acetylcholine 
has  been  shown  to  increase  the  latency  in  the  tail-flick  test 
and  inhibit  the  abdominal  stretching  response  to  intraperi- 
toneal  ^-phenyl qui none  (ED50  -  7.3  ug  and  5.1  ug,  respective¬ 
ly).  Similarity  to  morphine  antinociception  was  demonstrated 
by  the  development  of  tolerance  to  the  antinociceptive  ef¬ 
fects  of  chronically  administered  acetylcholine.  Mice  were 
pretreated  with  acetylcholine  (8  ug,  ivt.)  every  hour  for  1, 

2,  4  or  8  hours  and  tested  one  hour  after  the  last  injec¬ 
tion.  Tolerance  to  intraventricular  acetylcholine  appeared 
to  peak  at  4  hours  pretreatment  and  remain  high  at  8  hours. 
Tolerance  was  overcome  by  a  high  dose  of  acetylcholine  (32 
ug,  ivt.)  and  no  significant  cross  tolerance  was  observed  to 
morphine  (10  mg/kg,  s.c.).  Mice  were  also  treated  chronic¬ 
ally  with  morphine  in  increasing  doses  of  10-40  rag/kg,  twice 
daily  for  5  days.  Significant  tolerance  to  morphine  (10  mg/ 
kg,  s.c.)  and  cross  tolerance  to  acetylcholine  (8  ug,  ivt.) 
were  observed.  These  data  implicate  the  possible  involvement 
of  central  cholinergic  mechanisms  in  the  development  of  tol¬ 
erance  to  morphine.  (Supported  by  NIH  grants  Numbers  DA- 
00326  and  DA00490) . 

PERIVASCULAR  SPACES  IN  THE  PINEAL  GLMJD^GF  THE  GROUND  SQUIR¬ 
REL,  CITELHJS  TRIDH3EMUINEATUS .  J.T.  Povlishock*  and  H.R. 
Seibel.  Dept,  of  Anatcmy,  Med.  Col.  of  Va.,  Richmond,  Va. 

23298. 

Punctuating  the  pineal  gland  of  the  thirteen-lined  ground 
squirrel  (Citellus  tridecesnlineatus)  is  a  rich  capillary  net- 
work  about  which  lies  a  prominent  perivascular  space.  This 
space  has  been  examined  at  the  electron  microscopic  level  and 
is  seen  to  intervene  between  the  continuous  basal  lamina  of 
the  capillary  endothelium  and  a  discontinuous  basal  lamina 
adjacent  to  the  outlying  pineal  parenchymal  cells.  The  cap¬ 
illary  endothelium  associated  with  this  space  is  frequently 
fenestrated,  however,  on  occasion  endothelium  of  the  non-fen- 
estrated  variety  is  observed.  Within  the  perivascular  space 
proper,  collagen  fibrils,  neural  elements  and  the  processes 
and  bulbous  terminals  of  parenchymal  cells  are  ccranonly  found 
The  neural  elements  consist  of  myelinated  and  unmyelinated 
axons  as  well  as  numerous  axon  terminals.  These  terminals 
contain  an  array  of  vesicle  types  ranging  from  spherical, 
translucent  vesicles  of  200-600  8  in  size,  to  granular  dense 
core  vesicles  600-800  8  in  size.  The  parenchymal  processes 
arise  as  singular  extensions  of  the  parenchymal  cell  todies. 
Their  initial  segments  taper  to  form  a  neck-like  region  which 
is  rich  in  microtubules  and  anooth  surfaced  endoplasmic 
reticulum,  sidle  their  distal  segments  swell  into  bulbous 
terminals  containing  mitochondira,  lipid  droplets,  clear 
vesicles  ranging  in  size  from  200-  1,500  8  and  occasional 
dense  core  vesicles.  (Aided  by  A.D.  Williams  grant  3558- 
505  and  509) . 

THE  CONTRASTING  EFFECTS  OF  AMINO  AND  GUANIDINO  ACIDS  AND 

ESTERS  ON  THE  ACTIVATION  OF  PLASMINOGEN  BY  STREPTOKINASE  AND 

ON  THE  ACTION  OF  PLASMIN  AND  ACTIVATOR.  P.S.  Roberts,  R.M. 
Ottenbri+e,  P.B.  Fleming®,  J.  Russell®,  and  S.  Bi Igin*. 

Dept,  of  Medicine,  Med,  Col.  of  Va.,  Richmond,  Va.  23298 
lOmM  concentrations  of  benzoic  and  pheny lacetlc  acids  and 
their  ethyl  esters,  each  with  an  amino,  ami  nomethyl,  amino- 
ethyl,  guanidine,  guanidine  methyl  or  guanidine  ethyl  group 
placed  meta  or  para  on  the  ring,  were  compared  for  their  ef¬ 
fects  at  37°,  pH  8.0,  on  the  activation  of  human  plasminogen 
(Pg)  by  streptokinase(SK)  and  on  the  hydrolysis  of  TAME(p- 
tosy l-L-arg in ine  methyl  ester)  by  plasmin(PI)  and  activator 
(A,  the  active  complex  of  PI  and  SK) .  The  amino  acids  had 
slight  or  no  effects  on  the  activity  of  PI  or  A  but  some  of 
them,  as  previously  reported,  were  potent  inhibitors  of  Pg 
activation  by  SK.  Their  ethyl  esters  also  inhibited  Pg  acti¬ 
vation  as  well  as  the  activity  of  PI  and  A.  Activation  was 
always  Inhibited  more  with  low  than  with  high  concentrations 
of  SK.  In  contrast,  the  guanidine  acids  did  not  inhibit  Pg 
activation  or  the  activity  of  PI  or  A  and  the  guanidine  es¬ 
ters  had  anomalous  effects.  One  of  them  inhibited  Pg  activa¬ 
tion  more  in  the  presence  of  a  high  than  a  low  concentration 
of  SK  while  two  of  them  accelerated  TAME  hydrolysis  by  A  but 
not  by  PI.  It  was  concluded  that  compounds  with  a  particular 
spatial  arrangement  of  the  ester  and  guanidine  groups  react 
with  SK,  changing  its  activities  on  various  substrates. 
(Supported  by  Research  Grant,  HL-13379,  National  Heart  & 

Lung  Institute,  USPHS,  Bethesda,  Maryland) 

THE  EFFECTS  OF  A9 -TETRAHYDROCANNABINOL  (a9-THC)  ON  LEWIS  LUNG 
CELLS  IN  CULTURE.  A.C.  WHITE*,  A. E.  MUNSON*,  J.A.  Munson*, 

L.  S.  HARRIS,  and  R. A.  CAKCHMAN*.  Dept,  of  Pharmacology,  Med. 
Coll,  of  Va.,  Richmond,  Va.  23298. 

Lewis  lung  adenocarcinoma  cells  isolated  from  tumors  car¬ 
ried  in  C57B1/6  mice  have  been  established  in  tissue  culture. 
These  cells  in  culture  maintain  a  transformed  phenotype: 
logarithmic  growth  is  not  contact  inhibited  and  population 
doublings  occur  at  12.5  hour  intervals.  Harvested  cells  in¬ 
jected  into  the  gluteus  muscle  of  mice  induce  tumors  indis¬ 
tinguishable  from  tumors  passed  in  vivo. 

We  have  used  this  culture  system  to  assay  the  antineopla¬ 
stic  activity  of  a9-THC.  Delta-9-THC  was  shown  to  cause  a 
dose  dependent  inhibition  of  cell  growth  at  concentrations 
below  10-1,M.  To  elucidate  the  mechanism  of  this  inhibition 
the  incorporation  of  3H-thymidine  into  DNA  was  analyzed. 
Delta-9-THC  causes  a  dose  related  decrease  in  DNA  synthesis. 
Uptake  of  radiolabel  in  the  presence  of  A9 -THC  was  similar 
to  that  of  control  cultures.  These  experiments  suggest  that 
the  inhibitory  action  of  a9-THC  is  distal  to  the  uptake  or 
conversion  of  DNA  precursors.  (Supported  by  NIH  grant  DA- 
00490,  Alexander  and  Margaret  Stewart  Trust  Fund,  American 

Cancer  Society  Institutional  Grant,  and  A.D.  Williams  Research 
Fund. ) 
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Interactions  in  vivo  Between  Antitumor  Drugs  and  Bacteria. 

Anne  C.  Adams*?-  and  S.  G.  Bradley,  Dept,  of  Microbiology, 
Virginia  Commonwealth  University,  Richmond,  V a.  23298. 

Many  antitumor  drugs  render  laboratory  animals  hyperreac¬ 
tive  to  bacterial  endotoxin  (END),  for  example,  simultaneous 
administration  of  1  mg  of  vincristine  (VNC)  per  kg  and  1  mg 

END  per  kg  kills  most  of  the  treated  mice  although  neither 
agent  alone  does.  In  this  investigation,  the  VNC-treated 
mouse  has  been  used  as  an  indicator  to  assay  for  endotoxic 
activity  in  diverse  bacteria  and  commercial  protein  prepara¬ 
tions.  Cells  from  10  mucoid  strains  of  Pseudomonas  aeruqinosa, 
isolated  from  patients  with  cystic  fibrosis,  were  harvested 
by  centrifugation,  suspended  in  saline  and  killed  by  heating 
in  a  boiling  water  bath  for  10  min.  Mice  were  administered  a 
cell -suspension  having  an  absorbance  at  420  nm  of  ca.  10 
(0.01  ml  per  gram  of  mouse)  simultaneously  with  1  mg  VNC/kg. 

All  10  strains  of  Pseudomonas  possessed  endotoxic  activity. 
Moreover  treatment  or  mice  with  heat-killed  Pseudomonas  ren- 
dered  the  animals  resistant  to  a  dose  of  END  that  killed  un¬ 
treated  mice.  Cells  from  7  strains  of  Bacteroides  were  har- 
vested  by  centrifugation,  suspended  in  saline  and  frozen. 

Mice  were  administered  a  cell-suspension  having  an  absorbance 
at  420  nm  of  ca.  40  (0.01  ml/g  mouse).  Four  of  the  Bacte¬ 
roides  strains  possessed  endotoxic  activity  by  this  assay. 

All  7  strains  were  able  to  evoke  resistance  to  a  lethal  dose 
of  END.  Cells  from  10  strains  of  Listeria  monocytogenes  were 
examined;  about  half  of  these  possessed  endotoxic- n ke  activ¬ 
ity.  Seven  commercial  protein  preparations  were  examined; 
most  of  them  were  contaminated  with  material  having  endotoxic 
activity. 

ASSESSMENT  OF  THE  HUMORAL  IMMUNE  RESPONSE  IN  MALNOURISHED 

GUINEA  PIGS.  D.  Berlinerman*,  M.  R.  Escobar  and  W.  Dutz. 

Dept,  of  Pathology,  Med.  Coll,  of  Va.,  Richmond,  Va.  23298 

The  effects  of  early  neonatal  malnutrition  in  a  guinea 
pig  experimental  model  on  the  maturation  of  the  humoral 
immune  system  were  investigated.  Neonate  subjects  were 
divided  in  4  dietary  groups:  suckling,  unrestricted, 
restricted,  and  starved.  Restricted  diets  lasted  10  days 
after  which  ad  tib-Ldim  food  was  given.  Subjects  were 
sacrificed  30-46  days  after  birth. 

Tests  on  sera  showed  no  significant  differences  regard¬ 
ing  total  gammaglobulin,  IgG,  serum  protein  and  hemolytic 
complement  levels  among  the  four  groups.  There  were  sig¬ 
nificant  differences  in  complement  component  C'3  levels 
between  the  suckling  and  the  three  other  groups  but  no 
significant  differences  among  the  latter.  There  was  a 
significant  difference  in  serum  albumin  levels  between  the 
suckling  and  starved  groups. 

Test  results  both  agreed  and  disagreed  with  results  ob¬ 
tained  by  other  investigators,  because  of  different  param¬ 
eters  of  experimentation,  time  frame  for  testing,  ages  of 
subjects,  periods  of  time  of  malnutrition,  and  severity  of 
attendant  infections  which  may  influence  test  results.  The 
present  study  demonstrated  that  early  malnutrition  had  a 
very  limited,  if  any,  apparent  effect  on  the  maturation 
of  the  humoral  immune  system. 

Toxicity,  Clearance  and  Metabolic  Effects  of  Pactamycin  in 
Combination  with  Bacterial  Lipopol.ysaccharide.  S.  G.  Bradley, 
and  J.  S.  Bond.  Virginia  Commonwealth  Univ.,  Richmond,  Va. 

Combinations  of  pactamycin  and  bacterial  lipopolysaccharide 
(LPS)  or  lipid  A  complexed  to  bovine  serum  albumin,  adminis¬ 
tered  simultaneously,  killed  BALB/c  mice  synergistically.  The 
enhanced  lethality  was  not  the  result  of  a  reduced  rate  of 
elimination  of  LPS  or  pactamycin  from  the  circulation.  Pacta¬ 
mycin  administered  iv,  but  not  ip,  accumulated  in  the  lungs 
immediately  after  injection;  thereafter  the  drug  progres¬ 
sively  disappeared  from  lung  tissue.  Concurrent  administra¬ 
tion  of  LPS  did  not  alter  the  accumulation  of  pactamycin  in 
the  lungs  nor  its  rate  of  elimination  from  blood  and  lungs. 
Pactamycin  and  LPS  in  combination  increased  the  in  vitro  fra¬ 
gility  of  hepatic  and  renal  lysosomes,  as  measured  by  the  re¬ 
lease  of  cathepsin  and  B-glucuronidase;  the  effect  of  the 
combination  was  approximately  equivalent  to  the  sum  of  ef¬ 
fects  of  LPS  and  pactamycin  alone.  Concanavalin  A  and  cyclic 
adenosine  3',  5 '-monophosphate  did  not  modify  the  lethality 
of  pactamycin  and  LPS,  singly  or  in  combination  whereas  caf¬ 
feine,  ethyl enedi ami netetraacetate,  or  6a-methyl prednisolone 
protected  mice  from  the  lethal  action  of  LPS  and  the  syner¬ 
gistic  combination  but  not  that  of  pactamycin.  Lethal  doses 
of  LPS  and  the  synergistic  combination,  but  not  pactamycin, 
proyoked  marked  hypothermia  and  elevated  concentrations  of 
blood  urea  nitrogen  (Bradley  and  Bond.  1975.  Toxicol.  Appl . 
Pharmacol.  31:  208-221).  These  results  indicate  that  pacta¬ 
mycin  rendered  mice  more  susceptible  to  LPS. 

PULMONARY  INFECTION  DUE  TO  DISRUPTION  OF  THE 
PHARYNGEAL  BACTERIAL  FLORA  BY  ANTIBIOTICS  IN 

HAMSTERS.  H.  P.  Dalton,  M.  M.  Muhovich,  M.  R. 

Escobar  and  M.  J.  Allison.  Dept,  of  Pathology, 

Med.  Coll,  of  Va.,  Richmond,  Va.  23298 

An  animal  model  was  used  to  determine  the 
effect  of  oxacillin  on  the  pharyngeal  bacterial 
flora  and  the  relationship  of  this  flora  to  pneu¬ 
monia.  The  pharyngeal  bacterial  flora  of  68 
healthy  Golden  Syrian  hamsters  was  determined.  A 
quantitative  comparison  between  Streptococci  and 
Escherichia,  Proteus,  Klebsiella  and  Enterobacter 
from  70  hamsters  was  made  before  and  at  4,  24,  48 
and  72  hours  after  oxacillin  administration. 

Lung  cultures  were  positive  in  22  of  25  hamsters, 
yielding  K  pneumoniae  type  I  most  frequently. 

Lung  histology  from  25  hamsters  revealed  broncho¬ 
pneumonia.  Intestinal  postmortem  cultures  of 
treated  and  untreated  animals  were  similar.  The 
importance  of  throat  cultures  in  diagnosing  pneu¬ 
monia  and  the  value  of  the  hamster  model  to 
study  the  effect  of  other  antibiotics  on  the 
temporary  flora  are  demonstrated. 
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LEVELS  OF  CYCLIC  3' , 5 ' -ADENOS INE  MONOPHOSPHATE  (cAMP)  AND 
CYCLIC  NUCLEOTIDE  PHOSPHODIESTERASE  IN  ADULT,  FETAL  AND 
TUMOR  CELLS  IN  VITRO.  W.  L.  Donley,  B.A.  Weeks  and  M.R. 
Escobar.  Old  Dominion  University,  Norfolk,  and  Virginia 
Commonwealth  University,  Richmond,  V a. 

In  earlier  work  we  investigated  the  antigenic  relation¬ 
ships  among  cells  in  culture  derived  from  normal,  fetal  and 
cancerous  tissue  by  indirect  immunofluorescense,  complement 
fixation  and  agar  gel  diffusion  techniques.  The  results  im¬ 
plied  an  antigenic  similarity  between  the  tumor  and  fetal 
cells  which  led  us  to  investigate  the  differences  among 
these  cell  types  regarding  cAMP  levels  and  phosphodiester¬ 
ase  activities.  cAMP  levels  were  determined  by  the  Amersham/ 
Searle  cAMP  assay  based  on  the  Gilman  competition  protein 
binding  technique.  Levels  of  the  nucleotide  in  the  tumor 
cell  line  were  similar  to  those  of  the  fetal  cells  (44-63 
picomoles/mg  protein).  However,  these  levels  were  2  to  3- 
fold  lower  than  those  in  the  normal  adult  cell  cultures 
(165  picomoles/mg  protein) .  Cells  assayed  by  the  method  of 
Thompson  and  Appleman  indicated  that  cyclic  nucleotide  phos¬ 
phodiesterase  activities  did  not  differ  significantly  among 
the  cell  lines. These  studies  seemed  to  demonstrate  that  the 
cAMP  levels  of  these  cells  paralleled  the  antigenic  similar¬ 
ities  noted  previously  and  that  phosphodiesterase  was  not 
involved  in  controlling  the  intracellular  level  of  cAMP  in 
these  cell  cultures.  Studies  on  the  specific  activity  of 
adenylate  cyclase  are  now  in  progress. 


HUMAN  OBSERVATIONS  REGARDING  THE  EFFECT  OF  CHRONIC 
INFECTION  ON  CELL-MEDIATED  IMMUNITY  DURING  THE  PERINATAL 
PERIOD.  W.  Dutz.  Dept,  of  Pathology,  Med.  Coll,  of  Va., 
Richmond,  Va.  23298 

Fifty  orphans  in  Iran  were  methodically  observed  for  3 
to  5  years  after  birth.  Weight  and  growth  changes,  inter¬ 
current  infections,  other  diseases  and  general  development 
were  carefully  monitored.  The  infants  were  tested  with 
2,4-DNCB  intracutaneously  following  previous  sensitization. 
Of  the  fifty  infants  10%  were  atopic  and  40%  showed  a 
markedly  reduced  reaction.  A  comparison  between  growth 
parameters  and  intercurrent  disease  in  the  first  year  of 
life  and  results  of  the  2,4-DNCB  test  was  performed.  All 
infants  who  suffered  from  severe  chronic  diarrhoea  in  the 
first  6  months  of  life  and  who  produced  a  radiologically 
verified  atrophy  of  the  thymus  for  at  least  1  month  dura¬ 
tion  were  atopic.  Infants  with  less  severe  disease  showed 
reduced  reactions.  There  was  no  agreement  between  weight 
and  growth  development  or  other  intercurrent  diseases  and 
the  persistent  atopy.  Severe  disease  after  the  sixth  month 
of  life  did  not  seem  to  interfere  with  the  development  of 
cell -mediated  immunity. 


MIXED  INFECTIONS  OF  SINGLE  CELLS  WITH  BOVINE  PARVOVIRUS  AND 
ENTEROVIRUS.  R.  B.  Dorsey*,  R.  C.  Bates,  and  D.  S.  Parris*. 
Dept,  of  Biology,  Va.  Polytechnic  Inst,  and  State  Univ., 
Blacksburg,  Va.  24061 

Bovine  fetal,  spleen  cells  synchronized  with  2mM  hydroxy¬ 
urea  (HU)  were  infected  with  bovine  parvovirus  (BPV)  and 
enterovirus  (ECBO)  in  order  to  study  the  events  occurring 
when  DNA  and  RNA  viruses  mixedly  infect  single  cells. 

Single  infection  of  cells  with  BPV  upon  release  from  HU  does 
not  affect  cellular  macromolecular  syntheses  until  8  h  post¬ 
infection  (PI);  whereas,  single  infection  with  ECBO  virus 
results  in  a  rapid  decrease  in  the  rates  of  total  DNA,  RNA 
and  protein  synthesis  by  2  h  PI.  In  mixed  infection  studies, 
synchronized  cells  were  preinfected  with  BPV  at  0  h  post 
release  (PR)  from  HU  and  superinfected  with  ECBO  virus  at  8 
h  PR,  a  time  coincident  with  the  initiation  of  BPV  DNA  syn¬ 
thesis.  In  these  mixedly  infected  cells,  the  rate  of  BPV 
DNA  synthesis  was  reduced  by  more  than  50%  as  compared  to 
cells  singly  infected  with  BPV.  A  parallel  decrease  in  the 
rates  of  total  RNA  and  protein  synthesis  was  also  observed 
in  these  cells.  However,  final  titers  of  infectious  progeny 
virus  were  only  10-fold  lower  than  in  singly  infected  paral¬ 
lel  cultures.  A  similar  reduction  in  BPV  hemagglutination 
titers  was  also  observed.  This  system  demonstrates  that 
under  optimal  conditions  a  cell  cycle  dependent  DNA  virus 
can  replicate  in  the  presence  of  a  cytocidal  RNA  virus  which 
rapidly  inhibits  cellular  macromolecular  syntheses. 


ANIMAL  MODELS  OF  NEONATAL  THYMIC  ATROPHY.  M.  R.  Escobar, 

W.  Dutz*  and  B.  Israel.  Dept,  of  Pathology,  Med.  Coll,  of 
Va.,  Richmond,  Va.  23298 

The  effect  of  thymic  atrophy,  in  association  with 
protein-calorie  malnutrition,  chronic  bacterial  and  viral 
infection  and  drug  induced  immunosuppression  on  the  immune 
system  has  been  the  subject  of  current  investigation.  This 
paper  describes  several  experimental  models  used  for  iji 
vitro  and  -in  vivo  studies  on  the  role  of  T-lymphocytes  in 
the  humoral  immune  response  as  well  as  the  role  of  the 
thymus  in  the  ontogeny  of  cell -mediated  immunity.  Al¬ 
though  several  types  of  inducers  of  gross  thymic  atrophy 
exist,  the  specific  effect  of  each  differs  depending  on 
the  cell  population  affected.  Nevertheless,  these  differ¬ 
ences  as  well  as  the  gradual  induction  of  thymic  atrophy 
at  various  times  during  the  perinatal  development  of  the 
host  make  these  models  more  useful  than  those  employing 
surgical  means  or  animals  with  genetically  determined 
absence  of  the  thymus  (nude  mice). 


BLOOD  CLEARANCE  PATTERNS  IN  MICE  CHALLENGED  WITH  YEAST-LIKE 
AND  PSEUDOHYPHAL  FORMS  OF  CANDIDA  ALBICANS .  Z.  A.  Evans* , 

E.  Robinette,  Jr.*  and  D.  N.  Mardon.  Dept,  of  Microbiology, 
Med.  Col.  of  Va.,  Richmond,  Va.  23298 

Following  growth  in  a  glucose-salts-biotin  medium  for  22 
hours  at  27  C,  a  virulent  yeast-like  strain  of  C.  albicans 
and  a  pseudohyphal  variant  of  low  virulence  were  injected 
intravenously  into  separate  groups  of  test  mice.  At  the 
dose  given,  all  animals  receiving  the  yeast-like  form  died 
within  10  days  after  inoculation  but  none  of  the  animals 
given  the  pseudohyphal  form  died. 

Clearance  of  both  forms  from  the  blood  was  essentially 
complete  within  3  hours.  Yeast-like  cells  localized  predom¬ 
inately  in  the  liver  while  pseudohyphal  cells  localized 
primarily  in  the  lung.  Relatively  few  cells  of  either  form 
localized  in  the  spleen  or  kidneys .  However ,  between  18 
hours  and  6  days  after  injection  with  yeast-like  cells, 
there  were  increased  cell  numbers  in  the  kidneys.  During 
this  same  period  the  number  of  cells  in  these  organs  did  not 
increase  when  mice  were  challenged  with  the  pseudohyphal 
form. 

A  corollary  system  using  the  yeast-like  form  and  pseudo¬ 
hyphal  form  of  the  same  virulent  strain  has  been  developed 
and  will  be  tested  in  future  studies. 


ESTIMATION  OF  INITIATION  BY  RNA  POLYMERASE.  B.  A.  Fay*  and 
E.  R.  Stout.  Dept,  of  Biology,  Virginia  Poly.  Inst.  &  State 
Univ.,  Blacksburg,  VA  24061. 

Inhibitors  of  RNA  polymerase  function  may  affect  the  in¬ 
itiation  of  elongation  phases  of  the  reaction,  or  both.  In 
order  to  unambigiously  define  the  mode  of  action  of  such  in¬ 
hibitors,  a  rapid  and  convenient  assay  for  initiation  was 
developed.  It  consists  of  using  [y-32p]ATP  as  the  labeled 
substrate  for  the  reaction.  Only  the  5'-terminus  of  the  RNA 
chain  is  labeled,  as  the  8  and  y  phosphates  are  lost  as  inorg¬ 
anic  pyrophosphate.  Upon  base  hydrolysis,  the  adenosine 
residues  at  the  5'-end  of  the  RNA  are  released  as  3'-phospho- 
adenosine  5'-triphosphate  -  a  tetraphosphate.  Adenosine 
tetraphosphate  was  isolated  from  hydrolysates  by  descending 
chromatography  on  DEAE-paper  in  a  0.1  M  Li  Cl  2 »  0-01  N  HC1 
solvent  system. 

This  assay  has  been  used  to  investigate  the  site  of  in¬ 
hibition  of  two  E.  coli  RNA  polymerase  inhibitors:  rifamycin 
SV,  an  initiation  inhibitor,  and  streptolydigin,  an  elonga¬ 
tion  inhibitor.  Rifamycin  SV  (0.8  ug/ml )  reduced  the  amount 
of  adenosine  tetraphosphate  formed  by  31%  compared  to  control 
while  streptolydigin  (0.25  yg/ml )  stimulated  initiation  by 
12%.  Parallel  experiments  with  Zea  mays  RNA  polymerase  II 
were  conducted  with  a-amanitin,  an  elongation  inhibitor,  and 
an  endogenous  inhibitor  isolated  from  maize  seedlings, 
a-amanitin  (0.3  yg/ml)  stimulated  initiation  by  18%  over  the 
control.  Likewise,  the  maize  inhibitor  stimulated  initiation, 
thereby  establishing  it  as  an  elongation  inhibitor. 
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MECHANISM  OF  Ga-67  UPTAKE  IN  HUMAN  ABSCESSES.  M.J.  Fratkin* 
and  R.  B.  Scott.  Depts.  of  Radiology  and  Medicine,  Med.  Col. 
of  Va. ,  Richmond,  Va.  23298. 

We  previously  demonstrated  that  Ga-67  scanning  accurately 
localized  inflammatory  abscesses  in  29/32  patients.  The  pur¬ 
pose  of  this  paper  is  to  define  the  mechanism  of  Ga-67  up¬ 
take  in  these  lesions. 

Guinea  pig  bone  marrow  cells  were  incubated  in  vitro  with 
Ga-67.  The  albumin  density  gradient  fractions  containing 
mature,  phagocytic  granulocytes  readily  accumulated  Ga-67 
(41.7  x  103  cpm/108  cells),  but  Ga-67  was  more  avidly  taken 
up  by  the  immature,  non-phagocytic  granulocytes  (139  x  103 
cpm/108  cells) .  In  vivo  studies  of  guinea  pig  marrow  yielded 
similar  results. 

Abscess  material  was  obtained  at  laparotomy  from  3  patients 
with  positive  Ga-67  scans.  The  abscess  wall  had  a  10-fold 
greater  Ga-67  uptake  than  normal  tissue.  However,  the  in¬ 
flammatory  cells  of  the  liquified  abscess  cavity  concen¬ 
trated  Ga-67  no  more  avidly  than  an  equal  population  of 
peripheral  Wbc's. 

Conclusions:  (1)  Granulocytes  and  inflammatory  cells 

concentrate  Ga-67  in  vitro  and  in  vivo.  (2)  Ga-67  uptake 

however,  is  not  solely  dependent  on  phagocytic  function. 

(3)  The  positive  scan  results  from  the  presence  of  vast 
numbers  of  Ga-67  laden  inflammatory  cells  in  the  abscess. 

AIDED  8/  NJH  GRANTS  C A  08482  AMD  GM  19641 

STUDIES  ON  THE  PATHOGENICITY  OF  CANDIDA  ALBICANS  IN  YOUNG 
CHICKENS.  P.  B.  Hamilton,  H.  R.  Lustiq’  and  B.A.  Weeks. 

Dept,  of  Biological  Sciences,  Old  Dominion  Univ.,  Norfolk, 

Va.  and  Dept,  of  Microbiology,.  North  Carolina  State  Univ., 
Raleigh,  N.C. 

Twentv  strains  of  Candida  albicans  isolated  from  chick- 
ens,  pigeons  and  humans  were  evaluated  for  virulence  by 
both  oral  and  intravenous  inoculation.  Orally  inoculated 
birds  showed  milder  infection  than  the  birds  inoculated  by 
intravenous  injection.  Two  groups  of  the  orally  inocu¬ 
lated  birds  exhibited  reduced  growth  rates  while  sixteen 
groups  of  the  birds  inoculated  intravenously  exhibited 
reduced  growth  rates.  Determination  of  excreta  and  crop 
numbers  of  Candida  albicans  and  relative  crop  weights  re¬ 
vealed  that  the  infection  from  oral  inoculation  was  mild. 

Birds  inoculated  by  intravenous  injection  exhibited  ex¬ 
treme  growth  depression,  moderate  mortality  and  neural 
disturbances. 

CORRELATION  OF  VIRULENCE  OF  STRAINS  OF  CANDIDA  ALBICANS  TO 
CHEMOTAXIS  OF  POLYMORPHONUCLEAR  LEUKOCYTES.  V.  M.  Fueston, 

III,  P.  B.  Hamilton  and  B.  A.  Weeks.  Dept,  of  Biological 
Sciences,  Old  Dominion  University,  Norfolk,  Va.,  and  Dept, 
of  Microbiology,  North  Carolina  State  University,  Raleigh, 

N.C. 

Blastospores  and  mycelial  suspensions  of  virulent  and 
avirulent  isolates  of  Candida  albicans  were  compared  for 
their  chemotactic  effects  on  human  leukocytes.  The  rel¬ 
ative  pathogenicity  of  C.  albicans  isolates  was  determined 
by  their  ability  to  produce  neurological  disturbances,  mor¬ 
tality,  and  decreased  growth  rate  in  2-week  old  chickens. 
Chemotaxis  was  assayed  by  placing  the  leukocytes  and  the 
material  to  be  tested  in  individual  compartments  separated 
by  a  nucleopore  filter.  Activity  was  quantitated  by  count¬ 
ing  the  leukocytes  that  had  migrated.  Chemotactic  activity 
was  inversely  related  to  strain  virulence  with  blastospores; 
however,  no  particular  relationship  was  seen  with  mycelia. 

Cell  wall  fractions  of  blastospores  exhibited  chemotactic 
activity  similar  to  that  shown  by  intact  blastospores. 
Cytoplasmic  fractions  of  blastospores  exhibited  decreased 
chemotactic  activity.  These  results  demonstrate  that 
virulence  of  C_.  albicans  and  decreased  chemotactic  activity 
for  human  leukocytes  are  positively  correlated. 

QUALITATIVE  AND  QUANTITATIVE  SHIFTS  IN  CELLULAR  LIPID  DURING 
INTRACYTOPLASMIC  MEMBRANE  FORMATION  IN  GLUCONOBACTER  OXYDANS, 

D.  L.  Heefner*  and  G.  W.  Claus.  Dept,  of  Biology,  Va.  Poly- 
technic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061. 

G.  oxydans  differentiates  by  forming  intracytoplasmic 
membranes  as  cells  enter  the  stationary  growth  phase,  and 
the  quantity  of  their  internal  membranes  increases  as  cells 
are  held  in  the  stationary  phase.  In  order  to  determine  if 
this  differentiation  is  accompanied  by  a  detectable  increase 
in  cellular  lipids,  lyophilized  cells  were  extracted  for 
total  lipid  (free  and  bound),  purified  on  Sephadex,  and 
dried  under  N2  to  a  constant  weight.  Differentiated  cells 
sampled  4,  8  and  16  hours  after  entrance  into  stationary 
phase  contain  75,  71  and  125%  more  total  lipid  per  cell  than 
found  in  undifferentiated  cells.  After  adjusting  these 
quantitative  measurements  to  account  for  an  increase  in 
length  during  stationary  phase,  differentiated  cells  still 
contain  40,  37  and  40%  more  lipid  than  can  be  attributed  to 
an  increase  in  size  alone.  Quantitative  shifts  in  individ¬ 
ual  phospholipids  and  fatty  acids  are  noted  during  the 
elaboration  of  intracytoplasmic  membranes.  We  conclude  that 
intracytoplasmic  membrane  formation  in  G.  oxydans  is  accom¬ 
panied  by  a  net  lipid  synthesis  as  well  as  shifts  in  the 
proportions  of  individual  lipids. 

DISTRIBUTION  OF  HL-A  ANTIGENS  IN  PRE-COLUMBIAN 
MUMMIES.  A.  A.  Hossaini,  M.  J.  Allison,  and  Ahmad  Khor- 
rami.  Div.  of  Clinical  Pathology,  Med.  Col.  of  Va. ,  Richmond, 

Va.  23298 

A  modified  lymphocytotoxicity  technique  was  devised  to  study 
the  distribution  of  13  HL-A  antigens  in  58  Pre-Columbian  mum¬ 
mies  (Peruvian  &  Chilian).  In  these  studies,  the  extracts  from 
the  muscles  of  these  mummies  were  used  in  the  inhibition  tests. 

Forty-three  of  the  58  mummies  showed  the  presence  of  from 
one  to  three  of  the  HL-A  antigens.  The  remaining  15  mummies 
gave  negative  results  with  all  13  anti-HL-A  sera.  The  distribu¬ 
tion  of  the  histocompatibility  antigens  studied  was  observed  to  be 
similar  to  that  reported  for  present  day  American  Indians.  The 
technique  used  in  these  studies  was  found  to  be  reproducible  and 
dependable.  It  is  hoped  that  this  technique  of  HL-A  typing  of 
mummified  tissues  may  provide  an  additional  tool  in  the  field  of 
mummy  anthropology.  (Aided  by  National  Geographic  Society 
grant. ) 

Effects  of  Endotoxin  on  WI-38  Cells  in  Culture.  Donna-Beth 

Howe,  and  S.  G.  Bradley,  Dept,  of  Microbiology,  Virginia 
Commonwealth  University,  Richmond,  Va. 

WI-38  is  a  human  embryonic  lung  continuous  cell  line.  In 
this  study  WI-38  cells  were  cultivated  in  Minumum  Essential 
Medium  with  Earle's  balanced  salt  solution,  glutamine  and  5% 
(v/v)  fetal  calf  serum.  Of  sixteen  14C  labeled  precursors 
(0.05  yCi/ml)  only  adenine  (53%),  uridine  (15%),  and  serine 
(12%)  were  substantially  taken  up  in  an  18  hour  time  period 
by  WI-38  cells.  14C-Leucine  was  substantially  taken  up  when 
the  original  medium  lacked  leucine.  Only  7%  *4C-thymidine 
(0.2  yCi/ml)  was  taken  up  in  a  48  hour  period.  Added  14C-uri- 
dine  was  incorporated  into  RNA,  14C-leucine  into  protein, 14C- 
thymidine  into  DNA.  a4C-Adenine  was  distributed  in  RNA  (71%), 
the  trichloroacetic  acid-soluble  pool  (21%)  and  lipid  (8%). 

4C-serine  was  incorporated  into  protein  (71%),  lipid  ( 22%) 
and  RNA  (10%).  Bacterial  endotoxin  (100  yq/ml)  [Escherichia 
colj  0127:  B8  Lipopolysaccharide,  Difco]  was  added  to  con¬ 
fluent  WI-38  cultures  simultaneously  with  the  labeled  com¬ 
pounds.  Uptake  was  monitored  for  a  6  hour  period  and  showed 
that  endotoxin  neither  inhibited  nor  stimulated  uptake  of 
adenine,  leucine,  serine,  or  uridine.  Thymidine  uptake  over 
a  48  hour  period  was  neither  inhibited  nor  stimulated.  Some 
changes  were  observed  in  the  distribution  of  label  in  the 
macromolecular  fractions  for  14C-serine  and  14C-thymidine  in 
the  presence  of  endotoxin. 
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PROTEIN-CALORIE  MALNUTRITION  AND  THE  CELLULAR  IMMUNE  RE¬ 
SPONSE  IN  NEWBORN  GUINEA  PIGS.  B.  Israel,  M.R.  Escobar,  W. 
Dutz*  and  M.  Taylor*.  Dept,  of  Pathology,  Med.  Col.  of  Va., 
Virginia  Commonwealth  Univ.,  Richmond,  Va.  23298 

Guinea  pigs  were  used  as  an  animal  model  to  study  the 
effects  of  protein-calorie  malnutrition  (PCM)  on  the  devel¬ 
opment  of  the  cell -mediated  immune  system.  Newborn  animals 
were  weaned  at  48  hours  and  given  a  restricted  diet  for  ten 
days  followed  by  feeding  ad  libitum.  Control  animals  were 
fed  ad  libitum  from  birth.  Daily  weights  were  recorded. 
Significant  differences  were  observed  only  at  10  days. 

At  6  weeks  no  significant  difference  was  observed  in  the 
ability  of  lymphocytes  from  either  group  to  respond  to  PHA 
or  in  the  percentage  of  spontaneous  rosette  forming  cells 
(RFC)  in  the  thymus  or  lymph  nodes  of  experimental  as  com¬ 
pared  to  control  animals. 

Both  groups  were  sensitized  to  2,4-DNCB  at  4  weeks  and 
challenged  14  days  later.  Of  the  17  control  animals  tested, 
94.1%  were  able  to  respond  to  a  0.1%  solution  of  2,4-DNCB  as 
compared  to  only  38%  of  the  experimental  animals  (p<0.01). 

All  animals  exhibited  a  normal  inflammatory  response  to  the 
sensitizing  dose  of  2,4-DNCB.  When  the  negative  experimen¬ 
tal  animals  were  re-challenged  two  weeks  later,  5  out  of  8 
converted  to  positive.  The  ability  to  respond  to  2,4-DNCB 
at  6  weeks  of  age  did  not  correlate  with  either  birth  weight, 
change  in  weight  during  the  period  of  restricted  food  in¬ 
take,  or  body  weight  at  the  time  of  challenge. 

LABORATORY  DIAGNOSIS  OF  PNEUMOCYSTIS  CARINII  PNEUMONIA. 

E.  Kohout.  Veterans  Administration  Hospital  and  Med.  Coll, 
of  Va.,  Virginia  Commonwealth  Univ.,  Richmond,  Va.  23298 

The  difficulties  to  diagnose  Pneumoe.y&£L&  ccuuma. 

Pneumonia  during  the  life  of  the  patient  are  closely  re¬ 
lated  to  the  pathological  development.  In  the  early  and 
easily  curable  stages  of  the  disease,  the  infiltrate  is 
localized  in  the  posterior  subpleural  alveoli.  Specimen 
can  best  be  obtained  by  transthoracic  needle  aspiration  or 
deep  bronchoscopy  with  alveolar  biopsy.  Tracheal  smears 
become  positive  late  and  additionally  are  not  diagnostic 
for  the  disease  due  to  carrier  states.  We  found  Giemsa 
smear  imprints  superior  to  smear  preparations  by  the  silver 
stain  methods  since  the  diagnostic  form  of  the  organism  can 
be  better  recognized  by  the  former.  The  complement  fixation 
test  of  Barta  and  Vivell  were  useful  only  in  infantile 
pneumocystosis  in  which  an  IgG  antibody  response  developed 
about  three  to  six  weeks  after  the  disease.  The  fluorescent 
antibody  tests  of  Meuwissen  and  of  Kagan  and  Norman  are 
unfortunately  nonspecific  despite  their  higher  sensitivity. 
Contacts  can  be  easily  detected.  The  recent  report  of 
artificial  growth  of  the  organism  by  Hughes  promises  better 
fluorescent  antigens  in  the  near  future  with  which  the 
organisms  can  be  more  readily  detected.  Other  methods  of 
diagnosis  have  not  been  promising. 

ENHANCEMENT  OF  ENZYME  ACTIVITY  BY  A  SUPPRESSOR  MUTATION  IN 
ESCHERICHIA  COLI.  J.  C.  Leonard*  and  R.  M.  Cribbs.  Program 
in  Human  Genetics,  Va.  Commonwealth  Univ.,  Richmond,  Va. 

23298 

AraB14  is  a  nonsense  (UAG)  mutant  located  in  the  L-ribulo- 
kinase  structural  gene  of  the  L-arabinose  operon  of  E.  coli. 

The  nonsense  codon  has  two  noted  phenotypic  effects.  First, 
a  functional  kinase  is  not  produced  and  second,  a  polar 
effect  is  exerted  on  L-arabinose  isomerase,  produced  by  the 
adjacent  operator-distal  structural  gene.  A  partial  rever- 
tant,  designated  araB14Rl ,  was  isolated  from  araB14  and 
shown  to  be  the  result  of  a  nonsense  to  missense  mutation. 
AraB14Rl  produces  a  functional  kinase  with  20%  of  the  acti¬ 
vity  of  the  wild  type  kinase.  In  addition  isomerase  activity 
is  increased  to  a  level  twice  that  found  in  the  wild  type. 

An  extragenic  suppressor  (SuB)  that  is  specific  for  the  misr- 
sense  codon  of  araB14Rl  increases  the  kinase  activity  of 
araB14Rl  to  40%  of  the  wild  type  level  but  does  not  affect 
the  isomerase  level.  Electrophoretic  comparisons  of  the 
partially  purified  wild  type,  araB14Rl,  and  araB14RlSuB 
kinases  suggest  that  the  Su£  locus  causes  replacement  of  the 
missense  amino  acid  of  araB14Rl  with  a  different  missense 
amino  acid  resulting  in  a  kinase  with  a  higher  level  of 
activity.  (Aided  by  NIH  grant  GM-11098) . 

STUDIES  ON  A  MUCOID  CLINICAL  ISOLATE  OF  ENTER0BACTER  CLOACAE. 

F.L.  Maori naT  M.  Tipple,*R.J.  Duma* and  R.B.  Finley/ Depts. 

of  Microbiol,  and  Med.  and  Div.  of  Infect.  Diseases.  Med. 

Col.  Va.,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23298. 

A  strain  of  Enterobacter  cloacae  which  produces  copious 
amounts  of  exopolysaccharide  material  has  been  isolated  from 
the  blood  of  a  patient  with  septicemia.  During  growth  in 
broth  culture  this  mucoid  strain  gives  rise  to  cells  which 
are  deficient  in  exopolysaccharide  synthesis.  Such  cells 
appear  as  non-mucoid  colonies  on  agar  plates  and  are  never 
seen  to  revert  back  to  the  mucoid  state.  Segregation  of 
this  mucoid  phenotype  led  us  to  believe  that  exopolysaccha¬ 
ride  synthesis  was  controlled  by  an  extrachromosomal  element 
(plasmid).  However,  growth  of  the  mucoid  strain  in  the 
presence  of  known  plasmid  curing  agents  failed  to  enhance 
the  frequency  of  occurrence  of  non-mucoid  clones.  Further¬ 
more,  both  the  mucoid  and  the  non-mucoid  strains  were  found 
to  contain  identical  species  of  plasmid  DNA.  The  function 
of  this  plasmid  DNA  remains  unclear.  The  mucoid  strain  did 
not  act  as  a  conjugal  donor  in  crosses  where  carbenicillin 
resistance  or  exopolysaccharide  synthesis  transfer  was 
measured.  R  plasmid  transfer  from  E.  coli  to  mucoid  E. 
cloacae  was  substantially  less  efficient  than  from  E.  coli 
to  non-mucoid  E.  cloacae.  (Supported  in  part  by  a  grant 
from  the  Cystic  Fibrosis  Foundation) 

ARACHNOIDAL  REACTION  DUE  TO  FREE-LIVING  AMEBIC 
INFECTION.  A.  Julio  Martinez*,  Juan  Astruc*  and 

Mario  Escobar.  Departments  of  Pathology  and  Anat¬ 
omy,  Med.  Coll,  of  Va. ,  Richmond,  Va.  23298 

Arachnoid  phagocytic  capability  can  be  elicited 
following  infection  by  pathogenic  ameba  Naegleria 
fowleri  strains.  Mice  were  intranasally  inocu¬ 
lated  with  CJ  strain  and  became  moribund  5-7  days 
after  inoculation  with  5-10  X  103  organisms/0 . 1ml . 

The  pia-arachnoidal  cells  were  observed  to  ac¬ 
tively  phagocytose  and  destroy  some  of  the  invad¬ 
ing  protozoa  in  the  subarachnoidal  space. 

The  neuropil  revealed  extensive  necrotizing 
hemorrhagic  lesions  during  the  course  of  the  in¬ 
fection,  mainly  on  the  base  of  the  brain,  on  the 
anterior  aspects  of  the  cerebrum  and  on  the  cere¬ 
bellum. 

These  experiments  indicate  that  transformed 
arachnoidal  cells  as  well  as  migratory  macrophages 
from  the  circulation  do  participate  in  the  host 
defense  mechanism  as  active  phagocytes.  In  ad¬ 
dition,  it  is  suggested  that  an  allergic  type  of 
inflammatory  response  is  elicited  in  the  earliest 
phases  of  the  infection  by  protozoa  and  disinte¬ 
grating  neural  tissue.  An  antigen-antibody  inter¬ 
action  is  initiated,  thus  forming  the  character¬ 
istic  histopathological  picture  of  primary  amebic 
meningoencephilitis . 

EVALUATION  OF  CULTURES  OF  N.  G0N0RRH0EAE  FOR  THE  PRESENCE  OF 

L- FORMS  AND  MYCOPLASMA.  P.  A.  Mickelsert*  and  H.  P.  Dalton. 
Dept,  of  Pathology,  Med.  Col.  of  Va. ,  Richmond,  Va.,  23298. 

Thirteen  (13)  cultures  of  N.  qonorrhoeae  were  examined 
simultaneously  for  the  presence  of  mycoplasma  and  gonococcal 
L-forms.  M.  hominis  was  found  in  11  (84.6%)  of  these  cul¬ 
tures  and  could  grow  alone  or  in  the  presence  of  gonococci 
on  chocolate  agar.  However,  M.  hominis  could  not  be  main¬ 
tained  in  cultures  of  N.  qonorrhoeae  on  a  medium  commonly 
used  for  gonococcal  colony  typing.  M.  hominis  will  also 
grow  on  media  used  for  the  cultivation  of  gonococcal  L-forms 
and  can  be  differentiated  from  L-forms  by  use  of  the  oxidase 
test. 

L-forms  were  produced  by  11  (84.6%)  of  the  isolates  of  N. 
qonorrhoeae.  Spontaneous  conversion  to  the  L-form  occurred 
in  9  of  the  11  strains  examined. 
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SKIN  LESIONS  OF  CYTOMEGALOVIRUS  INFECTION:  AN  ATYPICAL  MANI¬ 
FESTATION.  N.  Minars*,  J.  F.  Silverman*,  M.  R.  Escobar  and 

Y.  S.  Fu*.  Depts.  of  Dermatology  and  Pathology.  Med.  Coll, 
of  Va.,  Richmond,  V a.  23298 

The  symptoms  of  Cytomegalic  Inclusion  Disease  (CID)  in 
the  adult  are  often  nonspecific  and  vary  with  the  organ  in¬ 
volved.  In  localized  forms  the  lungs  and  gastrointestinal 
tract  are  commonly  affected  whereas  in  the  disseminated  form 
almost  all  tissues  can  be  infected.  However,  histological  e- 
vidence  on  the  direct  association  of  skin  lesions  with  cyto¬ 
megalovirus  (CMV)  has  not  been  well  documented. 

In  this  work  we  attempted  to  demonstrate  the  presence  of 
CMV-induced  vasculitis  leading  to  non-healing  cutaneous  ul¬ 
cers  in  a  24-year  old  white  female  renal  transplant  patient. 
Histological  examination  of  punch  biopsies  from  ulcers  on 
the  right  leg  and  right  upper  arm  revealed  involvement  of 
the  small  dermal  vessels  with  narrowing  of  their  lumen.  Typ¬ 
ical  CMV  inclusions  were  present  in  the  characteristically 
enlarged  endothelial  and  peri  the! ial  cells  of  the  small  arte¬ 
rioles,  venules  and  capillaries.  Occasional  cells  had  circum¬ 
scribed  granular  pale  eosinophilic  intracytoplasmic  inclus¬ 
ions.  There  was  a  severe  perivascular  and  interstitial  in¬ 
filtrate  composed  of  polymorphonuclear  neutrophils,  histio¬ 
cytes  and  lymphocytes. 

Indirect  immunofluorescent  staining  of  tissue  sections 
from  various  organs  showed  the  presence  of  HB„  and  CMV  anti¬ 
gens.  Electron  micrographs  revealed  herpes-like  viral  parti¬ 
cles  in  these  tissues. 

RELATIONSHIP  BETWEEN  PHAGOCYTOSIS  AND  THE 
PRODUCTION  OF  LEUKOCYTIC  PYROGEN.  R.  H.  Mitchell, 

F.  Goodale  andG.W.  Gander.  Dept,  of  Pathology,  Med. 

Col.  of  Va.,  Richmond,  Va.  23298. 

The  release  of  an  endogenous  pyrogen  from  cells  of  the 
host  in  response  to  the  appropriate  stimulus  has  been  impli¬ 
cated  in  experimental  models  of  the  pathogenesis  of  fever. 

This  material  is  known  to  be  released  from  rabbit  polymor¬ 
phonuclear  leukocytes  in  response  to  a  number  of  stimuli 
including  bacteria,  endotoxin  and  virus. 

Recent  evidence  indicates  the  possibility  of  two  separate 
pyrogen  production  responses  by  the  host  depending  on  the 
stimulus.  One  response  is  made  by  the  circulating  polymor¬ 
phonuclear  leukocytes,  the  other  response  is  made  by  the 
phagocytic  cells  of  the  fixed  reticuloendothelial  system.  In 
some  cases  both  responses  may  occur  to  the  same  stimulus. 

The  production  of  endogenous  pyrogen  in  vitro  by  rabbit 
buffy  coat  cells  in  response  to  stimulus  by  either  endotoxin 
or  by  phagocytosis  of  endotoxin-free,  uniform  latex  parti¬ 
cles  has  been  studied.  The  use  of  cytochalasin  B,  an  inhibi¬ 
tor  of  phagocytosis,  was  made  in  order  to  investigate  the 
role  of  rabbit  buffy  coat  cells  in  the  production  of  endogen¬ 
ous  pyrogen.  The  evidence  suggests  a  direct  relationship 
between  the  amount  of  phagocytosis  of  latex  particles  and  the 
amount  of  endogenous  pyrogen  produced. 

Aided  by  NIH  Grant  AI10601 

HOST  CELL  RESPONSE  TO  INFECTION  WITH  BOVINE  PARVOVIRUS. 

D.  S.  Parris*  and  R.  C.  Bates.  Dept,  of  Bioloqv,  Va.  Poly- 
technic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 

Events  occurring  during  the  replication  of  bovine  par¬ 
vovirus  (BPV)  were  studied  in  bovine  fetal  spleen  (BFS) 
cells  synchronized  at  the  Gi/S  border  with  2  mM  hydroxyurea 
(HU).  Although  no  DNA  synthesis  was  occurring  after  32  hr 
of  exposure  to  HU,  BFS  cells  began  to  rapidly  synthesize  DNA 
immediately  after  HU  removal,  and  within  1  h,  80-85%  of  the 
cells  were  in  S  phase  as  determined  by  autoradiography. 

Viral  specific  antigens,  hemagglutinating  activity,  and  in¬ 
fectious  progeny  virus  appeared  sooner  and  increased  more 
rapidly  in  synchronized  BFS  cells  infected  at  the  beginning 
of  S  phase  than  in  infected  asynchronous  cell  cultures. 

Host  cell  DNA  synthesis  was  not  reduced  when  cells  were 
infected  with  BPV  at  the  beginning  of  S  phase.  However, 
beginning  at  8  h  postinfection  (PI),  the  rates  of  total  RNA 
and  protein  synthesis  began  to  decrease  below  those  values 
observed  in  mock-infected  cells.  At  that  time,  BPV  DNA 
began  to  appear  in  infected  cells  as  did  infectious  progeny 
virus.  By  14  h  PI  when  BPV  DNA  synthesis  was  maximum,  the 
rates  of  total  RNA  and  protein  synthesis  were  reduced  to  43% 
and  26%  of  the  control  levels.  These  results  indicate  that 

BPV  is  replicated  optimally  and  synchronously  in  S  phase 

BFS  cells.  Furthermore,  infection  of  cells  with  BPV  does 
not  inhibit  the  synthesis  of  cellular  macromolecules  until 
after  the  cells  are  fully  committed  to  virus  production. 

Endotoxic  Activity  of  Protein-Lipid  Complexes.  Mark  Smith  and 

S.  G.  Bradley,  Dept,  of  Microbiology.  Virginia  Commonwealth 
University,  Richmond,  Va. 

Endotoxin  is  a  component  of  the  outer  cell  wall  of  the  en¬ 
teric  bacteria.  Chemically  endotoxin  is  a  lipopolysaccharide 
(LPS)  composed  of  a  hydrophilic  portion  and  a  hydrophobic 
portion  called  lipid  A.  Free  lipid  A  can  be  prepared  from  LPS 
by  mild  acid  hydrolysis.  Free  lipid  A  is  devoid  of  biological 
activity.  Lipid  A-protein  complexes  possess  many  of  the  at¬ 
tributes  of  LPS,  e.g.  they  synergistically  kill  mice  in  com¬ 
bination  with  antitumor  drugs  such  as  mithramycin.  The  capa¬ 
bility  of  lipid-protein  complexes  to  provoke  granulocytosis 
and  to  kill  mice  rendered  hyperreactive  to  LPS  by  mithramycin 
has  been  assessed.  Of  the  17  complexes  tested,  only  6  pos¬ 
sessed  presumptive  endotoxic  activity.  Of  the  7  complexes  of 
lipids  with  bovine  serum  albumin  (BSA),  only  myristic  acid- 
BSA  possessed  endotoxic  activity.  Of  the  10  complexes  of  lip¬ 
ids  with  concanavalin  A  (Con  A),  5  complexes  possessed  endo¬ 
toxic  activity.  Of  these  5  complexes,  only  myristic  acid-Con 

A  and  dimethyl  myristamide-Con  A  consistently  killed  mice. 

Prior  treatment  of  mice  with  myristic  acid-protein  complexes 
renoered  the  animals  resistant  to  a  dose  of  LPS  that  is  le¬ 
thal  for  untreated  animals.  Prior  treatment  of  mice  with  LPS 
rendered  them  resistant  to  a  combination  of  mithramycin  and  a 
complex  of  myristic  acid-BSA  or  dimethyl  myristamide-Con  A 
that  is  lethal  for  untreated  animals.  Lipid-protein  com¬ 
plexes,  like  LPS,  provoked  granulocytosis.  These  data  indi¬ 
cate  that  a  fatty  acid  is  the  principal  functional  component 
of  the  endotoxin  toxophore. 

Effects  of  Antitubercular  Drugs  on  Mycobacterium  farcinicum. 
Linda  A.  Talley,  and  S.  G.  Bradley,  Dept,  of  Microbiology, 
Virginia  Commonwealth  University,  Richmond,  Va. 

The  in  vitro  susceptibility  of  Mycobacterium  farcinicum  to 
ten  antitubercular  drugs  has  been  assessed.  The  antitubercu¬ 
lar  drugs  selected  for  this  study  were  cycloserine,  etham- 
butol ,  ethion  amide,  isoniazid,  kanamycin,  para-aminosalicy¬ 
lic  acid,  pyrazinamide,  rifampin,  streptomycin  and  viomycin. 

The  capability  of  adenosine  3'5'-cylic  monophosphoric  acid, 
dimethyl  sulfoxide  (DMSO)  or  ethylenediaminetetraacetic  acid 
(EDTA)  to  modify  the  in  vitro  response  of  M.  farcinicum  to 
drugs  was  measured.  DMSO  at  concentrations  of  2  to  3%  inhib¬ 
ited  growth  of  M.  farcinicum,  as  did  TO'4  to  10"3  M  EDTA. 

Cyclic  adenosine  monophosphate  at  concentrations  of  5X1 0"4  to 

5X1 0-’3  M  did  not  markedly  affect  growth.  In  general,  the  pat¬ 
tern  of  susceptibility  of  M.  farcinicum  was  not  siqnificantl v 
altered  by  subinhibitory  concentrations  of  DMSO,  EDTA  or 
cyclic  adenosine  monophosphate.  Some  drug  resistant  variants 
of  M.  farcinicum  possessed  increased  resistance  to  DMSO.  More- 
over,  variants  selected  for  resistance  to  one  antitubercular 
drug  sometimes  developed  concurrently  increased  susceptibil¬ 
ity  to  another  drug. 

RESPONSES  OF  BACILLUS  THURINGIENSIS  TO  BACTERIOPHAGE  CP-51. 

R.  L.  Van  Tassell*  and  A.  A.  Yousten*.  Dept,  of  Biology. 
Virginia  Polytechnic  Institute  and  State  University, 

Blacksburg,  Va.  24061 

Eight  varieties  (serotypes)  of  Bacillus  thuringiensis 
were  tested  for  their  response  to  bacteriophage  CP-51,  a 
generalized  transducing  phage  of  Bacillus  cereus.  All 
eight  varieties  supported  efficient  replication  of  the 
phage,  whereas  many  other  species  of  Bacillus  failed  to  act 
as  host.  Although  the  free  phage  is  highly  susceptible  to 
cold  storage,  phage  genome  packed  within  spores  of  Bacillus 
thuringiensis  and  Bacillus  cereus  prove  to  remain  stable  for 
over  nine  and  thirteen  months  respectively,  at  4°C  and  17°C. 

A  variety  of  plaque  types  were  observed  which  appear  to  be 
dictated,  at  least  in  part,  by  the  particular  strain  of  B. 
thuringiensis  used  as  lawn  host  for  phage  growth.  These 
preliminary  studies  help  form  a  basis  for  the  future  at¬ 
tempts  at  establishing  transduction  in  B.  thuringiensis. 
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THE  EFFECT  OF  PROTEIN-CALORIE  MALNUTRITION  ON  PLASMA  CYCLIC 
AMP  LEVELS  IN  AN  ANIMAL  MODEL.  B.A.  Weeks,  M.R.  Escobar  and 
W.  Dutz.  Old  Dominion  University,  Norfolk,  and  Virginia 
Commonwealth  University,  Richmond,  V a. 

Cyclic  3' ,5'-adenosine  monophosphate  (cAMP)  has  been  im¬ 
plicated  in  the  general  control  of  cell  surface  properties 
and  the  immune  response.  Protein-calorie  malnutrition  has 
been  found  to  depress  cell-mediated  immunity  in  animal  mod¬ 
els  as  well  as  in  humans.  These  findings  led  us  to  investi¬ 
gate  the  differences  among  male  and  female  adult  guinea 
pigs  and  newborn  guinea  pigs  grouped  according  to  dietary 
intake.  For  that  purpose,  replicate  samples  of  plasma  were 
analyzed  by  the  Gilman  technique  indicating  that  cAMP  lev¬ 
els  of  normal  adult  male  and  female  guinea  pigs  correspond¬ 
ed  to  those  found  in  humans(ll  .2-24.8  pi  comoles/ml.) .  How¬ 
ever,  normal  neonatal  guinea  pigs  fed  ad^  V[b  had  a  slightly 
lower  range(9.2-9.7  picomoles/ml.).  cAMP  in  suckling  guinea 
pigs  ranged  from  5.7  to  9.5  picomoles/ml.  whereas  newborn 
guinea  pigs  starved  for  10  days  after  birth  had  6  to  8-fold 
lower  values(0.5  to  2.4  picomoles/ml.).  These  studies  dem¬ 
onstrate  that  plasma  cAMP  in  malnourished  guinea  pigs  was 
reduced  significantly  when  compared  to  well -nourished  ani¬ 
mals.  These  results  suggest  that  the  regulatory  processes 
altered  during  malnutrition  may  be  related  to  inability  to 
maintain  sufficient  plasma  cAMP  concentration. 


RELATION  OF  INTRACYTOPLASMIC  MEMBRANE  DEVELOPMENT  IN 
GLUCONOBACTER  TO  RATES  OF  SORBITOL  OXIDATION.  Stephen  A, 
White*  and  G.  W.  Claus.  Dept,  of  Biology,  Va.  Polytechnic 
Inst,  and  State  Univ. ,  Blacksburg,  Va.  24061. 

Gluaonobaater  oxydans  subsp.  suboxydans  characteristi¬ 
cally  performs  single-step  polyol  oxidations  with  membrane- 
bound  dehydrogenases.  We  recently  found  early  stationary 
phase  cells  to  contain  quantities  of  intracytoplasmic  mem¬ 
branes  (ICM)  not  present  in  exponentially  growing  cells. 

The  effect  of  this  ICM  accumulation  on  the  rate  of  sorbitol 
oxidation  was  examined.  Cultures  were  grown  in  a  buffered, 
complex  medium  containing  5.0%  sorbitol.  Exponentially 
growing  cells,  devoid  of  ICM,  were  harvested  at  0.3  O.D.  , 
and  cells  containing  ICM  were  harvested  one  hour  after 
reaching  maximum  turbidity  (1.5  O.D.g20).  Resting  cell  sus¬ 
pensions  were  subjected  to  a  variety  of  environmental  con¬ 
ditions,  and  the  rates  of  oxygen  uptake  were  assayed  by 
differential  respirometry.  Under  certain  conditions  cells 
containing  ICM,  oxidized  sorbitol  100%  more  rapidly  than 
cells  lacking  ICM.  Both  cell  types  were  found  to  maximally 
oxidize  sorbitol  at  a  concentration  of  5%  (w/v),  pH  5.0  and 
38°C.  Under  these  optimal  conditions,  cells  containing  ICM 
exhibit  an  average  Q02  of  3,100,  whereas  cells  devoid  of 
ICM  demonstrate  an  average  Q02  of  2,500.  At  the  present 
time,  the  reason  for  ICM  development  and  heightened  oxi¬ 
dative  activity  during  the  early  stationary  phase  is  not 


OXYGEN  METABOLISM  OF  CATALASE-NEGATIVE  AND  CATALASE-POSITIVE 
STRAINS  OF  LACTOBACILLUS  PLANTARUM.  A.  A.  Yousten*.  J„  L. 
Johnson*,  and  M.  Salin*.  Dept,  of  Biology  and  Anaerobe 
Lab.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061  and  Dept, 
of  Medicine,  Duke  Univ.  Med.  Ctr.,  Durham,  N.  C.  27710 

Two  catalase-negative  strains  of  Lactobacillus  plantarum 
and  a  strain  producing  the  atypical,  non -heme  catalase  were 
studied  to  determine  if  the  ability  to  produce  the  atypical 
catalase  conferred  any  growth  advantage  upon  the  producing 
strain.  Both  catalase-negative  strains  grew  more  rapidly 
than  the  catalase-positive  strain  under  aerobic  or  anaerobic 
conditions  in  a  glucose-containing,  complex  medium.  Upon 
exhaustion  of  glucose  from  the  medium,  all  three  strains 
continued  growth  under  aerobic  but  not  under  anaerobic  con¬ 
ditions.  The  continued  aerobic  growth  was  accompanied  by 
production  of  acetic  acid  in  addition  to  the  lactic  acid 
produced  during  growth  on  glucose.  Oxygen  was  taken  up  by 
exponential  phase  cell  suspensions  grown  on  glucose  when 
glucose  or  glycerol  were  used  as  substrates.  Cells  harvest¬ 
ed  from  glucose-exhausted  medium  oxidized  glucose,  glycerol, 
and  pyruvate.  Oxygen  utilization  by  a  catalase-negative 
strain  increased  as  did  the  specific  activity  of  NADH  perox¬ 
idase  during  late  growth  in  glucose  exhausted  medium.  The 
catalase-positive  strain  and  the  catalase-negative  strain 
tested  both  possessed  low  but  readily  detectable  levels  of 
superoxide  dismutase  throughout  growth.  The  growth  response 
is  discussed  in  terms  of  the  presence  of  enzymes  which  would 
allow  cells  to  remove  damaging  reduction  products  of  02. 
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THE  EFFECTS  OF  FAILURE  ON  SUBSEQUENT  PERFORMANCE  ON  A 
!  SIMILAR  TASK,  R.A.Johnston  and  L.G.McCauley,  College  of 

William  and  Mary 

In  order  to  test  the  hypothesis  that  failure  instructions 
function  to  increase  D  in  the  Hull-Spence  system,  £s 
selected  from  the  extremes  of  the  distribution  of  A-soale 
scores  were  given  failure  instructions  following  a  task 
unrelated  to  two  paired-associates  verbal  learning  criter¬ 
ion  tasks.  Failed  S_s  showed  no  decrement  on  the  non¬ 
competitive  list  and  performed  better  than  the  LA  control 
group  at  all  points  on  the  learning  scores.  On  the 
competitive  list  HA  failed  Ss  showed  a  performance 
decrement  but  LA  failed  Ss  performed  better  than  LA  non- 
f ailed  Ss. 

CONCEPTUAL  STYLE  AND  CLASSROOM  BEHAVIOR  OF  YOUNG  PSYCHIATRIC 
PATIENTS.  B.  B.  Keller*.  Dept,  of  Psychology,  College  of 
William  and  Mary,  Williamsburg,  Va.  23185. 

The  Brief  Conceptual  Style  Test  was  administered  to  19 
hospitalized  children  who  carried  a  diagnosis  of  psychosis, 
organic  brain  syndrome,  or  adjustment  reaction.  Analytic 
and  relational  responses  were  tabulated.  An  analytic 
response  is  one  in  which  visual  stimuli  are  grouped  on  the 
basis  of  similarity  of  stimulus  elements.  A  relational 
response  is  one  in  which  the  grouping  of  the  stimuli  is 
based  on  a  functional  relationship  between  the  stimuli. 

The  number  of  analytic  and  relational  responses  was  compared 
with  teacher  ratings  of  each  child's  hyperkinetic  behavior, 
adaptiveness  to  learning,  impulsivity,  withdrawal,  and  task 
involvement.  No  systematic  relationship  was  found  between 
these  ratings  and  conceptual  responses.  Generally  the 
number  of  analytic  responses  produced  increased  and  the 
number  of  relational  responses  decreased  with  age  although 
the  effect  was  smaller  than  that  which  has  been  reported 
for  public  school  children.  The  psychotic  children  produced 
fewer  relational  responses  than  the  non-psychotic  children; 
this  suggests  that  differences  in  conceptual  style  between 
non-psycho tics  and  psychotics  may  result  from  the  latter's 
inability  to  see  functional  relationships  between  visual 
stimuli. 

THE  EFFECTS  OF  S+  AND  S-  ON  OBSERVING  BEHAVIOR  IN  A  SIMUL¬ 
TANEOUS  DISCRIMINATION.  H.  S.  Lawrence.*  Dept,  of  Psy- 
chology,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061 

Eighteen  pigeons  were  run  on  a  discrete  trial,  simulta¬ 
neous  form  discrimination  in  a  three  key  chamber.  At  the 
beginning  of  a  trial,  each  observing  response  on  the  red 
center  key  produced  only  S+  (the  correct  choice),  only  S- 
(the  incorrect  choice),  or  both  S+  and  S-  on  the  side  keys 
for  0.5  seconds.  Group  I  received  the  S+  or  S-  trials 
while  Group  II  received  all  three  types  of  trials.  In  both 
groups  the  pigeons  made  more  observing  responses  before 
than  after  reaching  the  learning  criterion.  Group  I  made 
fewer  observing  responses  and  more  errors  on  S+  trials  than 
on  S-  trials  before  and  after  learning.  There  were  no  sig¬ 
nificant  differences  in  observing  responses  or  errors  on 
the  three  types  of  trials  in  Group  II  before  learning.  In 
the  ten  sessions  after  learning,  Group  II  made  fewer  ob¬ 
serving  responses  and  more  errors  on  S+  trials  than  on  S- 
trials  or  on  S+  and  S-  trials. 

According  to  the  secondary  reinforcement  hypothesis,  ob¬ 
serving  responses  are  maintained  by  stimuli  associated  with 
primary  reinforcement.  An  alternate  explanation,  the  infor¬ 
mation  hypothesis,  which  predicts  that  both  S+  and  S-  main¬ 
tain  observing  behavior  by  the  reduction  of  uncertainty,  is 
supported  by  the  present  data. 

INFLUENCES  OF  CONTOUR  AND  FIGURAL  COMPLEXITIES  ON 

THE  VISUAL  PERCEPTION  OF  FORM.  Henry  G.  Luhring,  III*, 

C.  J.  Adkins,  Jr.*,  and  Earl  A.  Alluisi*.  Performance  Assess¬ 
ment  Lab.,  Dept,  of  Psychology,  Old  Dominion  Univ.,  Norfolk, 

Va.  23508 

In  a  further  exploration  of  the  information-deductive  approach 
to  the  study  of  form  perception,  20  adult  subjects  responded  in  a 
paper-and-pencil  figure-cancellation  task  to  constrained  metric 
histoforms  of  different  contour  and  figural  complexities.  Three 
levels  of  figural  complexity  (4x4,  6x6,  and  8x8  figures)  were 
combined  factorially  with  two  levels  of  contour  complexity  or  ir¬ 
regularity  (low  and  high  extremes),  with  equal  figure-cell  sizes. 

Perceptual  performance  was  found  to  decrease  with  increasing 
figural  complexity;  the  mean  number  of  correct  cancellations  per 
minute  was  15.9,  14.1,  and  12.6  for  4x4  through  8x8  figures, 
respectively.  Likewise,  performance  with  the  higher  contour  com¬ 
plexity  (13.0)  was  worse  than  with  the  lower  (15.4).  Both  sets  of 
differences  were  statistically  significant  beyond  the  .001  level  of 
confidence.  There  was  no  indication  of  an  interaction  between 
figural  and  contour  complexify. 

(Supported  in  part  by  the  Old  Dominion  Univ.  Res.  Fnda.) 

REHEARSAL  PROCESSES  AND  THE  SPACING  EFFECT.  L.F.  Lyles*. 

J.A.  Wood*,  and  D.G.  Elmes.  Department  of  Psychology, 
Washington  and  Lee  University,  Lexington,  VA  24450 

The  role  of  rehearsal  processes  in  the  spacing  effect  was 
examined  by  varying  the  rehearsal  instructions  and  the  type 
of  rehearsal  demanded  by  the  mode  of  presentation.  Sixty- 
four  college-student  subjects  saw  and  attempted  to  free 
recall  a  long  list  of  common  English  nouns  in  a  2  x  2  x  6 
factorial  design  that  included  rote  and  elaborative  rehears¬ 
al  instructions;  simultaneous  and  successive  modes  of  list 
presentation;  and  six  spacing  intervals  between  repetitions 
of  the  to-be-remebered  words  (spacing  intervals  of  0,  2,  4, 

8,  20,  and  40  words).  The  free  recall  lists  were  comprised 
of  48  different  nouns  with  four  nouns  repeated  at  each  of 
the  six  spacing  intervals.  Elaborative  rehearsal  yielded 
better  recall  than  did  rote  rehearsal,  and  recall  increased 
as  spacing  interval  increased  for  both  types  of  rehearsal 
instruction.  A  large  spacing  effect  was  obtained  with 
successive  presentation,  but  there  was  a  negligible  spacing 
effect  with  simultaneous  presentation.  It  appears  that  both 
the  type  of  rehearsal  and  the  nature  of  the  rehearsal  groups 
are  important  determiners  of  retention. 

(Aided  by  a  Robert  E.  Lee  Research  Grant) 

DISCRIMINANT  FUNCTION  ANALYSES  OF  CLINICALLY  DE¬ 
TERMINED  CATEGORIES  OF  LEARNING  DISABILITY.  B.I.. 
Malllrurer*.  DeDt.  of  Psvcholoev.  Radford  Col.. 
Radford,  Va.  24142,  and  S.V.  Owen*,  Bureau  of  Edu¬ 
cational  Res.,  Univ.  of  Conn.,  Storrs,  Conn.  06268 
There  is  a  need  to  determine  the  extent  to 
which  the  "Background  Interference  Procedure" 

(BIP)  as  an  adjunct  to  the  Bender-Gestalt  can  ac- 
count  for  criterion  variance  beyond  that  level  pre¬ 
dicted  by  an  optimal  predictor  battery.  Discrim¬ 
inant  functions  empirically  classified  subjects 
into  clinical  categories  of  learning  disability. 

A  reduced  battery  of  intellective  and  visual- 
motor  predictors  generated  two  significant  func¬ 
tions,  accounting  for  91$  of  the  variance.  The 
first  dimension  reflected  overall  Intellectual 
functioning;  the  second,  psychomotor  skills.  Em¬ 
pirical  classification  accurately  categorized  71$ 
of  all  subjects  across  five  criterion  groups.  The 
functions  efficiently  separated  the  criteria,  but 
the  six  BIP  predictor  variables  did  not  improve 
prediction.  Implications  Include  using  the  BIP 
for  early  screening  of  learning  disabilities,  and 
employing  discriminant  functions  for  data  reduc¬ 
tion  and  construct  validation  of  teachers'  and 
judges'  ratings. 
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THE  EFFECTS  OF  TASTE  ON  LIQUID  CONSUMPTION  IN  OVERWEIGHT 
AND  NORMAL  WEIGHT  CHILDREN.  J.  J,  Montuori*.  and  H.  T. 
Mullis*.  Psychology  Department,  Radford  College,  Radford, 
Virginia.  24142 

Previous  research  suggests  that  overweight  organisms  in¬ 
gest  more  good-tasting  and  less  poor-tasting  food  and  liquid 
than  normal  and  underweight  organisms.  The  present  experi¬ 
ment  is  a  pilot  study  to  determine  the  relationship  of  taste 
weight,  and  liquid  consumption.  Sweetened  and  unsweetened 
Kool-Aid  were  given  to  preschool  children  of  varying  weight. 
Analysis  of  the  data  indicated  that  there  were  no  differen¬ 
ces  in  liquid  consumption  between  light  and  heavy  children, 
which  did  not  support  previous  research  findings.  Relevant 
variables  for  future  research  were  discussed. 


INDIVIDUAL  DIFFERENCES  IN  SIMPLE  REPETITIVE  TASKS  UN¬ 
DER  DIFFERENT  TYPES  OF  RESPONSE  RESTRICTION  AND 
FEEDBACK.  J.  P.  B,  O'Brien.  Human  Factors  Psychology, 
Catholic  Univ.  of  America  and  Tidewater  Community  College, 

Va.  Beach,  Va.  23456 

A  3x3x3  factorial  design,  with  6  different  Ss  in  each  condition, 
was  used  to  evaluate  the  effects  of  3  conditions  of  feedback  (zero 
extrinsic,  low  extrinsic,  and  high  extrinsic),  3  conditions  of  res¬ 
ponse  pattern  restriction  (no  restriction  dictated,  restriction  to 
three  patterns,  restriction  to  one  pattern),  and  3  levels  of  repeti¬ 
tive-figure  manipulation  diversity  determined  by  scores  on  Tor¬ 
rance  Tests  of  Creative  Thinking,  Form  A,  Activity  HI:  repetitive 
parallel  lines.  The  experimental  task  was  to  turn  9  circularly 
arranged  knobs  repetitively  in  a  white  visual,  broadband  audio 
environment  over  3  6-minute  periods  separated  by  rest  pauses. 
Performance,  gross  motor  activity,  error  rates,  and  subjective 
impressions  of  arousal,  alertness,  boredom  and  performance 
adequacy  are  dependent  variables. 

This  research  is  in  the  initial  stages  of  data  analyses.  Per¬ 
formance  on  three-dimensional  repetitive  tasks  appears  to  be  un¬ 
predictable  from  two-dimensional  tasks.  Given  the  opportunity  to 
vary  response  patterns,  Ss  will  do  so.  S-induced  variety  is  di¬ 
rectly  related  to  error  factors. 


EFFECTS  OF  ORBITAL  AND  MEDIAL  PREFRONTAL  LESIONS  ON  SHUTTLE- 
BOX  AVOIDANCE  PERFORMANCE  IN  THE  RAT.  M.S.  Rei f s 1 aqer *, 

C.J.  Patton*,  and  D.T.  Anderson--'-.  (Sponsored  by  L.E.Jarrard) 
Dept,  of  Psychology,  Washington  &  Lee  Univ.,  Lexington,  Va. 
24450 

Recent  evidence  has  indicated  that  the  dorsomedial  thala¬ 
mic  nucleus  projects  to  two  structurally  discrete  frontal 
cortical  subfields.  Further,  these  subfields  have  been 
shown  to  differ  in  terms  of  function  (dissociable  regarding 
general  and  specific  activity,  eating  and  hoarding  behavior, 
and  specific  aggressive  behaviors). 

The  current  study  was  designed  to  test  d issoci abi 1 i ty  of 
the  subfields  with  respect  to  active  avoidance  learning. 
Fourteen  male  albino  rats  were  divided  into  4  groups: 
operated  and  unoperated  control  groups  of  3  rats  each,  and 

each.  Rats  were  tested  in  a  two-way  shuttle  box  task  for 
30  trials  on  each  of  2  consecutive  days,  with  an  ITI  of  2 
minutes  prior  to  each  of  the  two  test  sessions.  Results  of 


CONCRETENESS  EFFECTS  ON  RECOGNITION  MEMORY  DURING 
INTENTIONAL  FORGETTING  AND  REMEMBERING.  C.  T.  Rutherfoord*. 
Dept,  of  Psychology,  Univ.  of  Va.,  Charlottesville,  Va. 22901 
To  study  differential  effects  of  concreteness  on  recog¬ 
nition  memory,  tape  recordings  were  made  containing  numbers, 
low  concrete  words,  or  high  concrete  words  as  stimuli.  Each 
stimulus  was  followed  by  either  an  instruction  to  "remember 
it,"  or  "don't  remember  it."  Words  were  all  polysyllabic 
equally  frequently  encountered  nouns  (Thorndike  &  Lorge, 

1944,  frequencies  of  A  and  AA) ,  differing  in  their  positions 
on  the  concreteness  dimension  (Paivio,  Yuille,  &  Madigan, 
1968).  On  recognition  tests  that  followed  the  playing  of  the 
tapes,  subjects  correctly  accepted  and  rejected  more  high 
concrete  words  than  low  concrete  words,  and  more  low  concrete 
words  than  two-digit  numbers,  F^(2,  114)  =  128.01,  £  <  .001. 
Significantly  more  "remember"  items  were  recognized  than 
"don't  remember"  items,  F(l,  114)  =  111.64,  £  <  .001.  There 
was  no  statistically  significant  interaction  with  concrete¬ 
ness.  The  retrievability  of  a  trace  in  episodic  memory  is 
related  to  the  arithmetic  sum  of  the  stimulus'  concreteness 
and  amount  of  rehearsal  during  encoding. 


VIRGINIANS'  ATTITUDES  TOWARDS  AND  KNOWLEDGE  ABOUT 
PERSONS  WITH  A  DEVELOPMENTAL  DISABILITY.  F.B. 

Rowe ,  Randolph-Macon  Worn.  Col.,  Lynchburg,  Va. 
24504,  T.L,  Ware,*  Developmental  Disabilities 
Planning  and  Advisory  Council,  Richmond,  Va.  23219, 
and  S.G.  Castlef  Univ.  of  Md.,  Balto. 

1,548  Va.  residents  were  interviewed  in  order  to 
determine  their  attitudes  towards  and  knowledge 
about  epilepsy,  cerebral  palsy,  mental  retardation, 
and  mental  illness.  Information  was  also  gathered 
on  interviewee  characteristics  such  as  race,  family 
income,  age,  and  education.  Only  minor  discrepan¬ 
cies  were  observed  when  the  sample  was  compared 
with  the  1970  U.S.  Census  data  for  Va.  Therefore, 
it  was  concluded  that  the  sample  was  representative 
of  the  residents  of  the  state  as  a  whole,  and  that 
interviewee  responses  to  the  attitude  and  knowledge 
questions  would  also  be  representative  of  Virgin¬ 
ians  as  a  whole. 

The  overall  conclusion  that  appears  to  be  war¬ 
ranted  by  the  data  is  that,  by  and  large,  residents 
of  the  Commonwealth  have  positive  attitudes  towards 
persons  with  a  developmental  disability  such  as 
epilepsy  and  cerebral  palsy,  but  that  the  situation 
is  considerably  less  positive  when  it  comes  to  per¬ 
sons  who  are  mentally  retarded  or  mentally  ill. 


THE  CONSULTANT-TEACHER  WORKSHOP:  A  PLAN  FOR 
TEACHER  INVOLVEMENT  IN  SCHOOL  PSYCHOLOGICAL 
SERVICES.  M.W,  STSTTER*.  Dept,  of  Psychology, 
Madison  Col.,  Harrisonburg,  Va.  22801. 

The  Consultant- teacher  workshop  approach  was 
investigated  as  a  possible  mode  of  psychological 
consultation  and  teacher  training  in  the  schools. 
Prior  to  the  workshop,  a  single  group  of  30 
elementary-level  teachers  completed  a  rating  scale 
regarding  perceived  functions  of  the  school 
psychologist,  school  issues  of  concern  to  teachers, 
and  attitudes  toward  group  workshops.  The  work¬ 
shop  focussed  on  the  issue  of  most  concern  to  the 
group-  behavior  problems  in  the  classroom.  In  the 
workshop  itself,  resource  leaders,  brief  formal 
presentations,  visual  aids,  and  mini-discussion 
panels  were  incorporated  into  a  brief,  structured 
format.  Subsequent  to  the  workshop,  the  group 
again  completed  the  rating  scale.  The  results 
supported  the  application  of  the  workshop  within 
a  comprehensive  program  of  psychological  services, 
to  the  schools.  Results  further  suggested  that 
a  regular  schedule  of  consultant- teacher  workshops 
could  serve  to  generate  an  equal  partnership  be¬ 
tween  psychologists  and  teachers,  leading  to 
effective  solution  of  problems  of  concern  to  both 
groups. 
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A  COMPUTER  LANGUAGE  FOR  USE  IN  THE  FIELD  OF  COMBINATORICS. 
Charles  L.  Martin*  and  D.  S.  Richards^  AppT .  Math.  &  Computer 
Sci ences ,  Uni versi ty  of  Virginia,  Charlottesville,  V a.  22901 
A  computer  language  designed  for  use  in  the  field  of  com¬ 
binatorics  is  presented.  The  major  design  considerations  of 
the  language  were:  special  data  types  and  associated  opera¬ 
tors,  program  modularization,  iteration,  and  recursion.  The 
language  is  implemented  using  a  translator-interpreter. 


AN  OUTPUT  COMMAND  CONTROL  SYSTEM.  E.M.  Cliff  and  F.  H. 

Lutze,  Dept,  of  Aerospace  and  Ocean  Engr. ,  Va.  Polytechnic 
Inst,  and  State  Univ. ,  Blacksburg,  Va.  24061 

In  most  flight  situations  the  pilot  is  seeking  to  a- 
chieve  some  prescribed  flight  condition.  In  particular  for 
a  landing  approach  he  may  be  interested  in  commanding  flight 
path  angle  and  velocity.  A  two  segment  landing  approach 
would  require  two  different  values  of  these  variables  at  dif¬ 
ferent  points  of  the  flight  path  requiring  a  change  of  con¬ 
trols  during  approach.  Current  automatic  flight  control 
systems  generally  are  designed  to  operate  in  the  neighborhood 
of  some  reference  state  related  to  the  aircraft's  current  or 
past  equilibrium  condition.  Therefore  commands  by  the  pilot 
tend  to  drive  the  system  away  from  the  equilibrium  point. 

Recently  proposed  control  systems  using  digital  com¬ 
puters  allow  more  sophisticated  control  systems  to  be  im- 
plimented.  The  purpose  of  this  paper  is  to  investigate  a 
digital  control  algorithm  called  an  output  command  system 
which  operates  so  that  the  pilot  commands  drive  the  system 
toward  an  equilibrium  point.  In  such  a  system  the  pilot's 
controls  serve  to  command  a  desired  (constant)  output.  The 
controller  and  associated  algorithm  computes  and  sets  the 
control  positions  necessary  to  drive  the  aircraft  to  the 
selected  output  and  maintain  it. 

The  aircraft  used  to  demonstrate  this  control  scheme  as 
an  externally  blown  flap  vehicle  (EBF-STOL)  in  a  landing  con¬ 
figuration.  The  outputs  commanded  are  the  velocity  and  flight 
path  angle  with  the  controls  of  elevator,  flaps  and  throttle- 


SUSPENDED  SEDIMENT  MEASUREMENT  BY  REMOTE  SENSING  IN  THE 
COASTAL  ZONE  OF  VIRGINIA.  Dr.  Robert  W.  Johnson*.  NASA 
Langley  Research  Center,  Hampton,  Virginia  23665 

Suspended  sediment  is  an  important  environmental  parameter 
for  monitoring  water  quality,  water  movement,  and  land  use  in 
the  coastal  zone  of  Virginia.  Techniques  for  qualitative  and 
quantitative  determinations  of  suspended  sediment  by  analysis 
of  multispectral  scanner  digital  data  are  described  and 
demonstrated.  Remotely  sensed  data  from  the  LANDSAT  satel¬ 
lite  platform  are  considered.  Quantitative  suspended  sedi¬ 
ment  concentrations  determined  by  remote  sensing  approach 
the  accuracy  obtained  by  conventional  sampling  and  plotting 
techniques . 


DEPTH  DEPENDENT  SPECTRAL  CHARACTERISTICS  OF  THE  CHESAPEAKE 
BAY  WATER.  Norman  Cohen*,  and  Jacob  Becher*,  Department  of 
Physics  &  Geophysical  Sciences,  Physics  Research  Lab.,  Old 
Dominion  University,  Norfolk,  Virginia  23508. 

Recent  interest  in  multi-channel  ocean  color  sensing  have 
necessitated  insitu  measurements  of  radiation  as  a  function 
of  water  depth.  We  shall  report  on  an  instrument  that  has 
been  designed  to  make  these  measurements.  The  instrument 
measures  the  intensity  of  radiation  from  the  sun  passing 
through  a  column  of  water  as  well  as  the  upwelling  radiation 
from  lower  layers.  The  spectral  features  are  controlled  by 
employing  a  band  pass  filter  wheel  and  the  radiation  is  de¬ 
tected  by  PIN  photodiodes. 

Data  is  transmitted  to  the  surface  by  multiplexed  sub¬ 
carrier  oscillators  and  recorded  on  an  audio  tape  recorder 
for  later  analysis.  The  indications  from  a  preliminary  study 
are  that  the  upwelling  radiation  as  well  as  the  absorption 
coefficients  depends  strongly  on  the  station  being  observed. 
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VISCOUS  OSCILLATING  FLOW  OVER  A  SWEPT  BACK  WING.  T.  R. 

Gupta  and  D.  P.  Teliom's,  Dept,  of  Eng.  Science  and  Mech. , 

Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 

The  unsteady  three  dimensional  boundary-layer  equations 
have  been  studied  for  a  viscous  oscillating  flow  over  a 
swept-back  wing.  Gupta1  studied  the  effects  of  cross  flow 
when  the  cylindrical  wing  is  in  arbitrary  motion  in  the 
chordwise  direction  and  the  outer  flow  is  steady.  A  modi¬ 
fied  problem  is  discussed  here  and  a  general  method  is  devel¬ 
oped  for  finding  solutions  of  flows  past  a  yawed  infinite 
wing  when  the  outer  flow  distribution  is  assumed  in  the  form 
U(x,t)  =  U0(x)  +  dh(x)ei“t  and  W(x,t)  =  W„  +  A  sim¬ 

ilar  form  is  assumed  for  the  response  of  the  boundary  layer: 
u(x,y,t)  =  u0(x,y)  +  eUj (x.yle^t,  v(x,y,t)  =  v0(x,y)  + 
eVjlXjyle1"1,  w(x,y,t)  =  w0(x,y)  +  ewi (x,y)e1a)t.  A  perturba¬ 
tion  technique  yields  partial  differential  equations  for  u.j, 
Vi,w-j,  1=0,1.  The  solutions  are  developed  in  an  expansion  in 
powers  of  x  for  large  and  small  frequencies  following  the 
two-dimensional  analysis  of  Lighthill2.  A  set  of  ordinary 
differential  equations  is  obtained  from  which  the  flow  about 
a  general  body  configuration  for  an  arbitrary  U0(x)  can  be 
determined.  In  particular  the  flow  past  a  yawed  infinite 
wedge  as  well  as  the  flow  past  a  configuration  involving  ad¬ 
verse  pressure  gradients  and  separation  is  discussed,  the 
effect  on  the  cross  flow  is  examined  and  results  are  pre¬ 
sented  for  separating  flow. 

1.  Gupta,  T.R.,  Proc.  Nat.  Acad.  Sci .  India,  42  (A),  IV 
(1972).  2.  Lighthill,  M.J.,  Proc.  Roy.  Soc.,  224,  1-23  (19541 

A-C  LOSSES  AND  SUPERMAGNET  GEOMETRY.  T.  V.  Pierce.  Jr.* 

Dept,  of  Engineering  Science  and  Systems,  Univ.  of  Va. , 
Charlottesville,  Va.,  22901 

Experiments  on  superconducting  magnet  coils  shows  that  a-c 
losses  in  the  mixed  state  can,  to  a  useful  accuracy,  be  pre¬ 
dicted  by  theoretical  models.  These  models  show  a-c  losses 
in  supermagnets  to  be  affected  by  coil  geometry,  and  methods 
are  discussed  by  which  these  losses  can  be  minimized  through 
improved  coil  geometry. 

MEASUREMENTS  OF  STRATOSPHERIC  DUST  BY  LASER  RADAR.  Ellis  E. 
Remsberg*  and  G.  Burton  Northam*,  Environmental  and  Space 
Sciences  Division,  NASA  Langley  Research  Center,  Hampton, 

Va.  23665 

During  November  and  December  of  1974,  Virginia  skies 
exhibited  increased  coloration  at  sunrise  and  sunset.  This 
was  the  result  of  preferential  scattering  of  the  different 
colors  by  dust  particles  in  the  lower  stratosphere  (13-21 
kilometers).  This  increase  in  the  stratospheric  dust  layers 
is  being  monitored  remotely  by  a  ground-based  ruby  laser 
radar  capable  of  giving  a  profile  of  particle  backscatter  as 
a  function  of  altitude. 

The  appearance  of  the  dust,  believed  to  be  due  to  a 
volcanic  eruption  in  Guatemala  in  mid-October,  is  correlated 
with  the  lower  stratospheric  wind  patterns  over  Virginia. 
Current  stratospheric  particle  concentrations  have  not  been 
present  over  Virginia  since  1963.  Studies  of  these  events 
are  important  in  assessing  the  natural  variability  of  strato¬ 
spheric  constituents  and  their  effects  on  long  term  climatic 
trends . 

ON  THE  POSSIBILITY  OF  SKIN  FRICTION  DRAG  REDUCTION  BY  A  RESO¬ 
NANT  SURFACE  by  R.  L.  Ash,  Old  Dominion  Univ.  Dept,  of 
Mechanical  Engineering  and  Mechanics,  Norfolk,  VA  23508 

Previous  experiments  on  skin  friction  drag  reduction  by 
compliant  surfaces  beneath  turbulent  boundary  layers  have 
been  examined.  In  addition,  experiments  currently  in  pro¬ 
gress  at  NASA  Langley  Research  Center  have  been  employed  to 
help  explain  how  drag  reduction  by  a  compliant  surface  is 
possible.  Although  a  complete  theoretical  understanding  of 
the  phenomenon  does  not  exist,  several  trends  have  been  iden¬ 
tified,  and  two  conceptual  models  are  proposed.  The  actual 
mechanism  for  drag  reduction  is  not  surface  compliance,  but 
rather  appears  to  be  surface  resonance.  That  is,  the  turbu¬ 
lent  wall  pressure  fluctuations  excite  the  surface  and  cause 
it  to  vibrate. 

Two  mechanisms  have  been  proposed  to  explain  how  surface 
motions  can  alter  the  turbulent  energy  spectrum.  The  direct 
interaction  model  assumes  that  surface  motions  interact  di¬ 
rectly  with  the  attached  low  speed  portion  of  the  turbulent 
boundary  layer  to  effectively  reduce  the  average  value  of  the 
wall  shear  stress.  The  acoustic  interaction  model  assumes 
that  the  resonant  surface  radiates  sound  at  a  particular  fre¬ 
quency  which  disrupts  the  turbulent  energy  cascade  in  the 
outer  portion  of  the  boundary  layer  and  reduces  the  rate  of 
turbulence  production.  Both  models  are  currently  being  ex¬ 
amined  experimentally. 

SUPERSONIC  BOUNDARY-LAYER  FLOWS  WITH  HYDROGEN  INJECTION. 

A.  L.  Murray*  and  C.  H.  Lewis.  Dept,  of  Aerospace  Engineering 

Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 

A  finite-difference  method  has  been  developed  which  may 
be  used  to  simulate  supersonic  combustion.  The  method  may 
be  applied  to  both  normal  and  tangential  slot  injection.  A 
four  species,  multi-component  diffusion  model  was  used  to 
predict  the  thermodynamic  and  transport  properties .  The 
chemical  behavior  was  approximated  by  a  flame  sheet  model 
which  required  that  combustion  occur  only  at  the  flame  sheet 
location.  Comparisons  were  made  with  both  numerical  and 
experimental  investigations.  The  solutions  are  in  reasonable 
to  good  agreement  with  other  numerical  works  for  normal  in¬ 
jection  and  in  good  agreement  with  the  peak  temperature  and 
species  concentration  values  taken  from  experimental  data. 

ON  THE  STRUCTURE  0|  THERMALS  AT  HIGH  REYNOLDS  NUMBERS. 

Mohamed  Gad-el-Hak.  Dept,  of  Engineering  Science  and  Systems, 
Thornton  Hall,  School  of  Engineering  and  Applied  Science, 
University  of  Va.,  Charlottesville,  Va.  22901 

Laboratory  studies  of  bouyant  vortex  bubbles  and  thermals 
in  an  unstratified  atmosphere  are  presented.  Thermals  are 
generated  by  filling  a  soap  bubble  with  a  combustible  mixture 
inside  a  cylindrical  box  with  a  sharp-edged  orifice  at  its 
top.  Detailed  temperature  field  measurements  are  obtained 
using  an  array  of  hot  wire  probes  operating  at  low  overheat. 

The  temperature  signals  are  digitized  and  different  statis¬ 
tical  quantities  are  obtained  using  an  ensemble-conditional 
averaging  technique.  It  is  found  that  initial  conditions  do 
have  a  strong  effect  on  the  development  and  growth  of  a  ther¬ 
mal,  even  for  gross  parameters  such  as  the  "entrainment  co¬ 
efficient." 
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EFFECT  OF  SURFACE  PROPERTIES  ON  THE  ADHESION  OF 
TITANIUM  PANELS.  T.  A.  Bush*,  M.  E.  Counts*  and 

J.  P.  Wightman.  Chem.  Dept.,  Va.  Polytechnic  Inst, 
and  State  Univ. ,  Blacksburg,  Va.  24061. 

Scanning  electron  microscopy,  electron  spectros¬ 
copy  for  chemical  analysis  (ESCA),  and  infrared 
reflectance  spectroscopy  were  employed  to  charac¬ 
terize  titanium  alloy  (Ti-6-Al-4-V)  surfaces  before 
and  after  bonding  with  polyimide  resins.  Scanning 
electron  microscopy  was  used  to  observe  the  titan¬ 
ium  alloy  surfaces  after  various  pretreatments  and 
the  surfaces  of  fractured  joints.  ESCA  spectra 
were  obtained  for  the  cleaned  alloy  surface  and  for 
fracture  surfaces.  The  intensity  of  the  titanium 
peak  in  the  ESCA  spectra  was  related  to  the  pres¬ 
ence  of  thin  polyimide  films.  Specular  reflect¬ 
ance  infrared  spectroscopy  was  used  in  the  analysis 
of  the  fracture  surfaces.  [Work  supported  by  NASA: 
Contract  NAS1-10646-25) . 

EXPERIMENTAL  STUDIES  ON  THE  AERODYNAMIC  PERFORMANCE 
AND  DYNAMIC  RESPONSE  OF  FLOW  DIRECTION  SENSING 

VANES.  P.  S.  Barna.  G.  R.  Crossman*,  School  of 
Engineering,  Old  Dominion  Univ.,  Norfolk,  VA  23508 
Systematic  investigations  were  performed  on  flow 
sensors  to  obtain  their  performance  characteris¬ 

tics  and  determine  their  potential  for  possible 
application  to  wind  vanes:  (a)  Single  vanes  (flat 
plates)  of  various  planforms  with  aspect  ratios 
(AR)  ranging  from  .5  to  5  (b)  Bi-vanes  of  rectang¬ 

ular  planform  with  variable  trim  angles  with  an  AR 
of  2.5  (c)  Cruciform  configurations  of  various 

planforms  with  an  AR  of  2.5  (d)  Other  three-dimen¬ 

sional  models  with  an  AR  of  2.5 

These  models  were  subjected  to  wind  tunnel  tests 
at  Old  Dominion  Univ.  Damping  and  frequency  tests 
and  lift  and  drag  force  measurements  were  performed 
under  a  variety  of  flow  conditions  with  Reynolds 
number  ranging  from  3.0  x  10^  to  1.3  x  10^. 

Conclusions  were  drawn  as  to  vane  applicability 
where  any  of  the  following  may  be  needed:  (1)  best 
damping,  (2)  fastest  frequency  response,  or  (3) 
shortest  response  time .  Results  are  represented  by 
numerous  tables  and  graphs  .  (Funded  by  NASA  Contracts 
NAS 1-9434-49  and  NASl-11707-10,40) 

EVALUATION  OF  A  THORIA  COATED  IRIDIUM  CATHODE  FOR  AN  ION 

SOURCE . 

F.  P.  Clay,  Jr.,  Physics  &  Geophysical  Sciences.  Old 

Dominion  University,  Norfolk,  Virginia  23508; 

L.  T.  Melfi,  Jr.*,  NASA  Langley  Research  Center,  Hampton, 

Virginia  23665  and 

F.  J.  Brock*,  Physics  &  Geophysical  Sciences,  Old 

Dominion  University,  Norfolk,  Virginia  23508. 

A  thoria  coated  iridium  cathode  for  use  in  an  ion  source, 
that  may  be  operated  in  an  oxygen  atmosphere,  has  been 
fabricated  and  evaluated.  The  cathode  exhibited  no 
inversible  resistance  change  after  operation  in  an  oxygen 
atmosphere.  The  work  function  of  the  cathode  is  dependent 
on  the  ambient  O2  pressure. 

Measurements  were  made  of  cathode  resistance  and  heater 
power  demand  as  a  function  of  O2  pressure  (1.4  x  10“9  to 

6.5  x  10“4  Torr)  while  the  emission  was  maintained  at 

100  p  amp.  The  heater  power  required  to  produce  100  y  amp 
emission  is  approximately  .8  watt  when  the  02  pressure  is 
less  than  10-9  Torr,  and  approximately  1.7  watt  at 

6.5  x  10-4  Torr. 

PROJECT  VIKING-MISSION  TO  MARS.  Georqe  D.  Sands*,  Mail  Stop 

159,  NASA-Langley  Research  Center,  Hampton,  Virginia  23665. 

On  July  4,  1976,  NASA  will  help  celebrate  the  Bicentennial 
of  the  American  Revolution  when  it  soft-lands  an  unmanned 

Viking  spacecraft  on  Mars  to  search  for  life.  Viking  will  be 
the  first  U.S.  spacecraft  to  land  on  the  surface  of  another 
planet. 

As  part  of  NASA's  continuing  planetary  exploration  program, 
Viking's  purpose  is  to  conduct  scientific  investigations  of 
the  planet  Mars  with  special  emphasis  on  life  detection. 

To  accomplish  this  goal,  two  spacecraft  will  be  launched 
from  Cape  Kennedy  within  a  month  of  each  other  in  mid-1975 
and  cruise  400  million  miles  through  space  for  nearly  a  year 
before  reaching  their  destination.  The  Viking  spacecraft, 
each  consisting  of  an  orbiter  and  a  lander,  will  then  conduct 
their  scientific  investigations  of  the  Red  Planet. 

The  Viking  Project  will  be  described,  with  particular  em¬ 
phasis  on  its  thirteen  scientific  investigations. 

SUPERSONIC  TURBULENT  BOUNDARY-LAYER  FLOWS  WITH  MASS  INJECT¬ 
ION  THROUGH  SLOTS  AND/OR  POROUS  WALLS.  A.  L.  Murrav*  and 

C.  H.  Lewis.  Dept,  of  Aerospace  and  Ocean  Engineering,  Va. 
Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061. 

An  implicit  finite-difference  method  was  used  to  solve 
the  compressible  boundary-layer  equations.  The  method  was 
used  to  study  the  effects  of  mass  transfer  through  porous 
plates,  injection  through  tangential  slots,  and  a  combin¬ 
ation  of  the  two.  The  effects  of  the  external  pressure 
field  were  also  included  by  using  a  global  pressure  inter¬ 
action  scheme.  Two  different  eddy  viscosity  models  were 
used  for  the  slot  and  slot/porous  combination  cases.  One 
was  a  two-layer  model  with  inner  and  outer  laws.  The  other 
was  a  multi-layer  model  with  as  many  as  five  separate 
layers.  Results  of  the  present  method  were  compared  with 
experimental  data  at  M  =  2.8.  Comparisons  of  the  skin 
friction  reduction  and  Mach  number  profiles  gave  reasonable 
to  excellent  agreement. 

A  V0RTICITY  SHEDDING  PHENOMENON  IN  THE  WAKE  OF  AN  AIR  JET  IN 

A  CROSSFLOW,  J.  M.  Kuhlman,  Dept,  of  Mechanical  Engineering, 

Old  Dominion  Univ. ,  Norfolk,  Virginia  23508 

An  alternating  unsteady  shedding  of  vorticity  is  found  to 
occur  in  the  lee  of  a  circular  air  jet  issuing  from  a  flat 
plate  at  right  angles  to  a  uniform  stream.  The  phenomenon  is 
observed  as  a  randomly  initiated  plate  surface  pressure 
fluctuation  which  is  partially  deterministic  in  that  pres¬ 
sures  at  points  located  symmetrically  about  a  line  along  the 
flow  direction  through  the  jet  origin  are  always  out  of  phase. 
Oscillation  frequency  and  amplitude  are  correlated  versus  jet 
Reynolds  number,  Re=Ujd/v  and  the  jet-to-crossflow  velocity 
ratio,  R=Uj/Uc. 

Oscillation  frequency,  f,  is  nearly  constant  and  slightly 
below  1  Hz.  As  R  decreases  f  increases  slightly.  Strouhal 
number,  S=21ffd/Uc,  is  on  the  order  of  10“3,  2  orders  of  mag¬ 
nitude  below  values  for  the  vortex  street.  Maximum  fluctua¬ 
tion  amplitude  is  4%  of  the  crossflow  dynamic  pressure;  this 
occurs  at  a  velocity  ratio  of  R=2.  Here  turbulent  eddy 
generation  is  expected  to  be  influenced  both  by  the  jet  shear 
layer  and  separation  of  the  crossflow  around  the  jet.  Com¬ 
parison  between  jets  with  and  without  obstructing  center- 
bodies  mounted  symmetrically  in  the  jet  indicate  that  the 
centerbody  greatly  reduces  oscillation  amplitude.  (Aided  by 
NASA  grant  NGL  039) 

Proceedings,  1974-1975 


107 


AIRPLANE  DECOUPLED  CONTROL.  H.  A.  Hamer?  NASA,  Langley  Res. 
Center,  Hampton,  Va.  23665 

The  principle  of  decoupling  can  be  briefly  stated  as: 

(1)  Choose  the  response  quantities  to  be  controlled. 

(2)  Provide  one  input  channel  for  each  quantity.  (3)  Design 
the  control  system  so  that  an  input  command  in  one  channel 
causes  no  response  in  the  other  channels.  Such  an  automatic 
control  system  could  be  highly  desirable  for  STOL  aircraft 
operation  where  severe  requirements  are  placed  on  precise 
control  during  approach  and  landing. 

An  exploratory  study  has  been  conducted  on  the  Externally 
Blown  Flap  STOL.  Computer  simulations  of  several  two- 
controller  and  three— controller  decoupled  configurations  were 
investigated  to  ascertain  their  practical  utilization.  An 
error  analysis  was  performed  to  determine  the  effects  of  the 
major  error  sources  on  the  decoupling  process.  The  errors 
considered  were:  (l)  change  in  flight  conditions,  (2)  imper¬ 
fect  knowledge  of  airplane  dynamic  characteristics,  and 

(3)  imperfect  measurements  of  airplane  state  responses. 

It  was  concluded  that  a  two-controller  configuration  would 
generally  not  be  acceptable  for  precision  maneuvering.  A 
three-controller  system  for  controlling  V,  y,  and  0  gave 
satisfactory  results.  The  control  motions  were  moderate,  and 
the  gain  magnitudes  were  not  excessive.  The  error  analysis 
showed  that  despite  large  errors  imposed  on  the  system,  there 
were  no  unacceptable  effects  on  the  decoupling  process.  The 
effects  on  the  control  motions  were  small  and  no  large 
coupling  effects  or  instability  problems  developed. 

AN  EXPERIMENTAL  INVESTIGATION  OF  AN  AXISYMMETRIC  JET  IN  A 
COFLOWING  AIR  STREAM.  George  D.  Catalano*  and  J.  B.  Morton, 
Dept,  of  Engineering  Science  &  Systems,  University  of  Vir¬ 
ginia,  Charlottesville,  Va.  22901 

An  experimental  investigation  of  the  flow  development  of 
an  axisymmetric  jet  exhausting  into  a  moving  air  stream  has 
been  made.  The  flow  field  of  the  axisymmetric  jet  was  exam¬ 
ined  at  locations  varying  from  approximately  zero  to  eight 
diameters  downstream  of  the  orifice.  The  investigation  was 
limited  to  one  Reynolds  number  due  to  limitations  of  the  air 
pressure  available  in  the  laboratory.  Of  primary  concern  at 
each  downstream  location  was  the  mapping  of  the  one  point 
statistical  properties  of  the  flow,  including  mean  velocity, 
turbulent  intensity  and  intermittency.  Auto-correlations  and 
power  spectral  density  curves  were  determined  for  both  the 
fluctuating  velocity  field  and  the  concentration  signal  at 
various  distances  from  the  jet's  center  line  for  different 
downstream  locations. 

A  laser-Doppler  anemometer  was  used  to  make  the  desired 
velocity  field  measurements.  The  anemometer  used  a  phase 
locked-loop  processor.  The  measurements  taken  with  the  laser 
velocimeter  were  compared  with  hot  wire  anemometer  and  pres¬ 
sure  probe  data. 

To  determine  the  intermittency  profiles,  auto-correlations 
and  power  spectra,  a  laser  light  scattering  technique  was 
employed.  (Work  supported  by  NASA  Grant  No.  NGR  47-005-219 
and  NSF  Grant  No.  GK  40126). 

GOLD  PLATING-BRAZING  OF  ION  SOURCE  COMPONENTS.  L.  T.  Melfi, 
Jr.*,  and  R.  A.  Outlaw.  NASA  Langley  Research  Centgr, 

Hampton,  Va.  23665,  J.  E.  Hueser  ,  and  F.  J.  Brock  .  Dept, 
of  Physics  and  Geophysics,  Old  Dominion  University,  Norfolk, 

Va.  23508. 

Vacuum  brazing  of  metalized  (Mo-Mn/Ni)  aluminum  oxide  to 

Kovar  with  pure  gold  as  the  braze  alloy  is  discussed.  To 
insure  optimum  wetting,  each  part  was  gold  plated  before 
brazing,  using  a  citric  acid-KAu(CN}g  plating  solution.  SEM 
micrographs  are  presented  of  the  Kovar  substrate  before  and 
after  vacuum  firing.  Micrographs  of  the  gold  plating  on  the 
Kovar  indicate  substantial  epitaxial  growth.  A  cross  section 
of  the  interface  (x  11,000)  shows  the  intimacy  of  the  gold 

Kovar  bond.  This  technique  has  been  found  to  produce  a  void 
free,  high  purity  braze  joint. 

MEASUREMENT  OF  THE  GAS  DENSITY  OF  URANIUM  HEXAFLUORIDE  BY 

LASER  RAMAN  SCATTERING.  William  F.  Adolfson*  and  R.  G. 

Schlecht  and  J.  B.  Morton,  Dept,  of  Engineering  Science  and 
Systems,  University  of  Virginia,  Charlottesville,  Virginia 

22901 

This  investigation  demonstrates  the  feasibility  of  using 
laser  Raman  scattered  light  to  measure  the  local  gas  density 
of  Uranium  Hexafluoride  over  the  pressure  range  15-80  Torr. 

After  a  review  of  the  pertinent  concepts  describing  the  Raman 
effect,  quantitative  results  of  the  frequency  shift  of  the 
first  fundamental  vibration,  depolarization  ratio,  polariza¬ 
tion  of  the  scattered  light,  and  Raman  peak  differential 
cross  section  are  presented.  An  intensity-density  curve  was 
determined  over  the  given  pressure  range. 

The  limitations  of  this  technique  and  its  instrumentation 
is  briefly  discussed. 
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THE  STOCHASTIC  DEPENDENCE  OF  SECURITY  PRICE 
CHANGES  AND  TRANSACTION  VOLUMES  .  T.  W.  Epps* 

Dept,  of  Economics ,  Univ.  ofVa„,  Charlottesville,  Va . 
22901 

A  theory  of  financial  markets  based  on  a  two-parameter 
portfolio  model  is  shown  to  imply  stochastic  dependence 
between  transaction  volume  and  the  change  in  the  logarithm 
of  security  price  from  one  transaction  to  the  next.  The 
change  in  the  logarithm  of  price  can  therefore  be  viewed  as 
following  a  mixture  of  distributions,  with  transaction  volume 
as  the  mixing  variable.  For  common  stocks  these  distri¬ 
butions  (of  which  the  distribution  of  A  log  p  is  a  mixture) 
appear  to  have  a  pronounced  excess  of  frequency  near  the 
mean  and  a  deficiency  of  outliers,  relative  to  the  normal. 
These  findings  are  consistent  with  the  hypothesis  that  stock 
price  changes  over  fixed  intervals  of  time  follow  mixtures  of 
finite-variance  distributions.  Tests  with  corporate  bonds 
data,  however,  suggest  that  A  log  p  may  follow  a  mixture  of 
infinite-yariance  distributions .  Moreover,  sums  of  A  log  p 
for  up  to  64  consecutive  transactions  show  no  tendency  to 
converge  in  distribution  to  the  normal. 


A  CASE  OF  THE  PROBLEM  OF  OPTIMAL  STOPPING  AND  ITS 
APPLICATIONS.  P.  M.  Ghare*  J.  A.  Nachlas*  and 
D.  M.  Miller*  Dept,  of  IEOR,  Va.  Poly.  Inst.  &  State 
Univ.,  Blacksburg,  Va.  24061  . 

The  optimal  stopping  problem  is  concerned  with  the 
decision  of  whether  to  continue  or  abandon  a  sequence  of 

following  assumptions:  (a)  the  outcome  of  each  operation  y. 
is  a  random  variable,  (b)  there  is  a  fixed  horizon  T,  J 

(c)  the  state  of  the  system  can  be  described  X  =  X  +  Ey&y 
and  (d)  the  cost  is  a  function  of  X  and  T-j  (the  remaining 
operations) . 

The  paper  describes  a  hierarchy  of  such  problems  and 
describes  its  applications  in  the  areas  of  sequential  testing, 
sales  advertising,  forecasting,  and  optimization  search 


of  the  choice  of 
before  stopping, 
choice  of  k.  An 


k,  the  number  of  additional  operations 
and  of  the  sufficiency  of  the  rules  of 
illustration  is  provided  for  a  particular 


A  GENERAL  BIVARIATE  BINOMIAL  DISTRIBUTION.  M.  A.  Hamdan* 
and  D.  R.  Jensen.  Va.  Polytechnic  Inst,  and  State  Univ. 

Aitken  and  Gonin  [Proc.  Roy.  Soc.  Edinb.  55  (1935),  114- 
125]  derived  a  bivariate  binomial  distribution  from  fourfold 
sampling  with  replacement.  Hence,  the  marginal  distributions 
were  binomial  with  the  same  index  n  (the  sample  size  for  the 
2x2  table)  but  with  different  probabilities  of  success  p-^ 
and  p2.  Hamdan  [Int.  Statist.  Rev.  40  (1972),  277-280]  de¬ 
rived  a  bivariate  binomial  distribution  having  different 
marginal  indices  n-^  and  n2  but  with  equal  marginal  para¬ 
meters  p1=p2.  The  present  paper  gives  a  general  bivariate 
binomial  distribution  with  different  marginal  indices  and 
unequal  marginal  parameters.  Aitken  and  Gonin' s  (1935)  and 
Hamdan' s  (1972)  distributions  are  shown  to  be  special  cases 
of  the  general  distribution  derived  in  this  paper.  The  de¬ 
rivation  is  based  on  considering  two  characteristics  with 
two  levels  each:  (A-^.A-^)  and  (A2,A2).  We  observe  three 
independent  samples :  one  on  both  characteristics  and  one 
on  each  separately.  We  derive  first  the  bivariate  factorial 
moment  generating  function,  which  is  then  expanded  in  the 
form  of  a  finite  series.  Hence,  we  derive  the  canonical 
form  of  the  general  bivariate  binomial  distribution  as  a 
series  bilinear  in  Krawtchouk's  polynomials.  On  the  basis 
of  the  canonical  form,  the  properties  of  the  distribution 
are  studied. 


AN  ANALYSIS  OF  FACTORS  CONTRIBUTING  SUCCESS  TO  'OPEN'  PHYSICS 
LABORATORY  PROGRAM  AT  VPI  &  SU.  Lubna  R.  Ijaz,  Division  of 
Science  Curriculum  Research  and  Evaluation,  College  of  Educa¬ 
tion,  VPI  &  SU;  D.  C.  Dening*,  M.  A.  Ijaz*,  D.  A.  Jenkins, 

T.  E.  Leinhardt,  Physics  Department,  VPI  &  SU,  Blacksburg, 
Virginia  24061 

This  study  was  designed  to  identify  those  factors  which 

at  VPI  &  SU.  Three  factors  studied  were:  (1)  Administrator 
factor:  a)  His  encouragement  in  initiating  the  program, 
b)  Necessary  financial  support,  c)  Encouragement  to  the 
teachers  working  on  the  innovative  program,  d)  His  knowledge 
of  the  rational  and  operation  of  innovative  curricula.  (2) 
Briefing  teacher  factor:  a)  Motivation  and  enthusiasm  toward 
the  program,  b)  Knowledge  of  the  operation  of  the  program  in 
progress,  c)  Knowledge  of  the  innovative  programs  in  other 
areas  of  science,  d)  Knowledge  of  basic  psychology  to  under¬ 
stand  student  behavior,  e)  His  behavior  towards  his  students. 
(3)  Student  factor:  a)  How  enthusiastic  they  were  towards  the 
innovative  program,  b)  Do  they  understand  the  concept  of  the 
'open'  laboratory,  c)  Do  they  learn  more  under  a  free  atmos¬ 
phere  or  under  a  traditional  one?  d)  Do  they  feel  that  the 
program  and  the  coordinators  are  helping  them  to  understand 
more  Physics? 

Personal  interviews  were  the  major  source  of  the  informa¬ 
tion  —  a  correlation  study  procedure  was  used  to  analyze  the 
data.  Results  of  our  evaluation  will  be  discussed. 


BANK  HOLDING  COMPANIES  AND  THE  PUBLIC  INTEREST.  William 
Jackson*.  Research  Department,  Federal  Reserve  Bank, 
Richmond,  Va.  23261 

The  competitive  behavior  of  multibank  holding  company 
banks  is  examined  by  multivariate  analysis.  Output,  port¬ 
folio,  price,  and  profitability  values  of  affiliated  banks 
are  compared  with  those  of  independent  banks  by  correla¬ 
tion,  factor  analysis,  and  regression.  Multibank  holding 
company  banks  extend  more  loans  than  other  banks,  particu¬ 
larly  commercial  loans.  They  receive  higher  returns  on 
assets ,  because  they  charge  more  for  their  loans  and  hold 
less  cash,  than  other  banks.  But  they  pay  higher  interest 
to  their  time  and  savings  depositors  than  independent 
banks.  They  do  not  have  higher  profitability  or  interest 
rate  spreads  between  loan  and  time  and  savings  deposit 
rates  than  other  banks,  despite  their  use  of  leverage. 

While  many  statistically  significant  differences  exist 
between  affiliated  and  independent  banks,  other  influences 
such  as  bank  size,  bank  branching,  and  the  demand  for 
financial  services  appear  to  be  more  important  determinants 
of  bank  behavior  than  affiliation  with  a  holding  company. 
(Aided  by  Conference  of  State  Bank  Supervisors  and  Nat. 
Defense  Education  Act  grants.) 


CHARACTERIZATION  OF  THE  EXPONENTIAL  FAMILY  BY  ORDER  STATIS¬ 
TICS.  A. I.  Khuri*.  Dept,  of  Statistics,  Va.  Polytechnic 
Inst. ,  Blacksburg,  Va.  24061 

Order  statistics  is  used  to  obtain  the  following  charac- 


Theorem:  Let  X^X  <..SX  be  the  non-increasing  order  sta¬ 
tistics  for  a  random  sample  of  size  n  from  a  population  with 
an  absolutely  continuous  distribution  F.  Let  (-«°,g)  = 
{x:0-F(x)<l} ,  and  let  h(x)  :  (-»,8)-t[0,<»)  be  a  strictly  in¬ 
creasing  differentiable  function.  If  for  some  m  <  n, 
E[h(xm)fxm+1=x]  =  ah(x)+h(b)  ,  then  F  has  the  following  form, 

(i)  F(x)=l-exp[-h(x)/mh(b)]  if  a=l: 

(ii)  F(x)=l-[l-(l-a)h(x)/h(b)  ]°  for  x<g  if  0<a<l ; 

(iii)  F(x)=l-[h(b)]*[(a-l)h(x)+h(b)rx  if  a>l , 


Corollary  2:  Let  U..=h(X  )  ,  U  =h(X  )-h(Xn),..., 

U  =h(X  )-h(Xn).  Then,  u"  andzthe  Sector  (U2 , . . . ,Un)  ; 
independent  if  and  only  if  E[h(X  ) |x  =x]=h(x)+h(b)  i 
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A  Checklist  of  the  Fishes 
of  West  Virginia 


Abstract — The  known  and  expected  fishes  of  West  Virginia  are 
documented.  Seven  major  drainages  occur  in  the  state:  the  Poto¬ 
mac  and  James  of  the  Atlantic  slope;  and  the  Monongahela,  Little 
Kanawha,  upper  and  lower  Kanawha  system,  Guyandotte,  and 
Big  Sandy  of  the  Ohio  River  drainage.  1 5 1  species  are  known  from 
the  state  with  an  additional  18  species  expected. 

Introduction 

A  unique  and  diverse  fish  fauna  occurs  in  the  seven 
major  drainages  of  West  Virginia.  Atlantic  coast  sys¬ 
tems  that  drain  montane  eastern  West  Virginia  are 
the  Potomac  and  James  Rivers.  Other  drainages  are 
exclusively  of  the  Ohio  River  system;  Monongahela, 
Little  Kanawha,  lower  and  upper  Kanawha,  Guyan¬ 
dotte  and  the  Big  Sandy  Rivers.  The  authors  follow 
Jenkins,  Lachner  and  Schwartz  (1971),  among  oth¬ 
ers,  who  distinguish  the  Kanawha  River  as  being 
separated  by  Kanawha  Falls  into  upper  and  lower 
faunal  associations.  The  upper  Kanawha  system  is 
virtually  synonymous  with  the  New  River  system  in 
ichthyological  literature. 

West  Virginia  streams  have  played  a  major  role  in 
the  dispersal  of  fishes  since  the  Pleistocene.  Numer- 
I  ous  stream  piracies  and  transfers  of  fauna  between 
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major  drainages  have  occurred,  often  leading  to  isola¬ 
tion  and  speciation  of  distinct  forms.  Geological  and 
biological  aspects  of  the  region  were  recently  consid¬ 
ered  by  numerous  workers  in  Holt  1969,  1970,  1971. 

Goldsborough  and  Clark  (1908)  published  the  first 
checklist  of  the  fishes  of  West  Virginia.  Other  atten¬ 
tion  was  devoted  by  Addair  (1944),  Raney  (1947), 
and  Raney  and  Seaman  (1950).  Osburn  (1901)  and 
Trautman  (1957)  considered  the  fishes  of  the  main- 
channel  Ohio  River.  However,  a  complete  checklist 
has  been  lacking  since  this  earlier  work.  Jenkins  et  al. 
(1971)  presented  perhaps  the  most  comprehensive 
view  of  the  fishes  of  the  state  and  surrounding  drain¬ 
ages.  Schwartz  (1967),  Hambrick  et  al.  (1973),  Den¬ 
oncourt,  Hocutt  and  Stauffer  (1975)  and  Stauffer  et 
al.  (1975)  recently  contributed  to  an  overiew  of  West 
Virginia  ichthyofauna. 

151  species  representing  21  families  are  recorded 
from  West  Virginia.  An  additional  18  species  are  ex¬ 
pected  to  occur  (*).  Other  forms  may  be  introduced 
in  time.  Scientific  and  common  names  follow  Bailey 
et  al.  (1970),  except  for  Percina  crassa  roanoka  (Jor¬ 
dan  and  Jenkins)  which  is  discussed  by  Hocutt  and 
Hambrick  (1973)  and  Page  (1974).  The  checklist  is  a 
preliminary  review  of  the  fishes  of  West  Virginia.  A 
diagnostic  key  and  distributional  study  considering 
subspecies  will  follow  in  the  near  future. 
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Checklist 


Petromyzontidae 


lchthyomyzon  bdellium  (Jordan) 
/.  greeleyi  Hubbs  and  Trautman 
/.  unicuspis  Hubbs  and  Trautman 
Lampeira  aepypiera  (Abbott) 

L.  lamotiei  (Lesueur) 


Ohio  lamprey 
Alleghany  brook  lamprey 
Silver  lamprey 
Least  brook  lamprey 
American  brook  lamprey 


Acipenseridae 

Acipenserfulvescens  Rafinesque  Lake  sturgeon 

Scaphirhynchus  plaiorynchus  Shovelnose  sturgeon 

(Rafinesque) 


Polyodontidae 

Polyodon  spathula  (Walbaum)  Paddlefish 

Lepisosteidae 

Lepisosteus  osseus  (Linnaeus)  Longnose  gar 

*L.  platostomus  Rafinesque  Shortnose  gar 


Amiidae 


Amia  calva  Linnaeus  Bowfin 

Anguillidae 

Anguilla  rostrata  (Lesueur)  American  eel 


Clupeidae 


Alosa  chrysochloris  ( Rafinesque) 
A.  pseudoharengus  (Wilson) 
Dorosoma  cepedianum  (Lesueur) 
D.  petenense  (Gunther) 


Shipjack  herring 
Alewife 
Gizzard  shad 
Treadfin  shad 


Hiodontidae 


Hiodon  alosoides  (Rafinesque)  Goldeye 

H.  tergisus  Lesueur  Mooneye 

Salmonidae 


Salmo  gairdneri  Richardson 
5.  nulla  Linnaeus 
Salvelinus J'ontinalis  (Milchill ) 


Rainbow  trout 
Brown  trout 
Brook  trout 


Umbridae 


*Umbra  limi  (Kirtland) 


Central  mudminnow 


Esocidae 


Esox  amerieanus  Gmelin 
E.  lucius  Linnaeus 
E.  masquihongy  Mitchill 
E.  niger  Lesueur 


Grass  pickerel 
Northern  pike 
Muskellunge 
Chain  pickerel 


Cyprinidae 


Campostoma  anomalum  (Rafinesque) 
Carassius  auratus  (Linnaeus) 
Clinostomus elongatus  (Kirtland ) 

C.  Junduloides  Girard 
Cyprinus  carpio  Linnaeus 
Erieymba  buccaia  Cope 
Exoglossum  laurae  (H  ubbs) 

E.  maxillingua  (Lesueur) 


Stoneroller 
Goldfish 
Redside  dace 
Rosyside  dace 
Carp 

Silverjaw  minnow 
Tonguetied  minnow 
Cutlips  minnow 


Hybognaihus  nuehalis  Agassiz 
Hybopsis  aestivalis  (Girard ) 

H.  amblops  (Rafinesque) 

H.  dissimilis  (Kirtland) 

H.  storeriana  (Kirtland) 

*H.  x-punctata  Hubbs  &  Crowe 
*Nocomis  bigultatus  (Kirtland) 

N.  leptocephalus (G irard) 

N.  micropogon  (Cope) 

N.  platyrhynchus  Lachner  and  Jenkins 
Notemigonus  crysoleucas  ( M  itchill ) 
Notropis  albeolus  Jordan 
N.  amoenus  (Abbott) 

N.  analostanus  (Girard) 

N.  ardens  (Cope) 

N.  ariommus  (Cope) 

N.  alherinoides  Rafinesque 
N.  blennius  (Girard) 

*N.  boops  Gilbert 
N.  buchanani  (Meek) 

*N.  cerasinus  (Cope) 

N.  chrysocephalus  ( Rafinesque) 

N.  cornutus  (Mitchill) 

N.  dorsalis  (Agassiz) 

N.  galacturus  (Cope) 

N.  hudsonius  (Clinton) 

N.  phologenis  (Cope) 

N.  procne  (Cope) 

N.  rubellus  (Agassiz) 

N.  scabriceps  (Cope) 

*N.  semperasper  Gilbert 
N.  spilopterus  (Cope) 

N.  stramineus  (Cope) 

N.  lelescopus  (Cope) 

N.  umbratilus  (Girard) 

N.  volucellus  (Cope) 

A.  whipplei  (Girard) 

Phenacobius  mirabilis  (Girard) 

P.  teretulus  Cope 

Phoxinus  erythrogaster  ( Rafinesque) 
P.  ore  as  (Cope) 

Pimephales  notatus  (Rafinesque) 

P.  promelas  Rafinesque 
P.  vigilax  (Baird  and  Girard) 
Rhinichthys  atraiulus  (Hermann) 

R.  ealaractae  (Valenciennes) 
Semotilus  atromaculatus  ( Mitchill) 

5.  corporalis  (Mitchill) 

S.  margarita  (Cope) 


Silvery  minnow 
Speckled  chub 
Bigeye  chub 
Streamline  chub 
Silver  chub 
Gravel  chub 
Hornyhead  chub 
Bluehead  chub 
River  chub 
Bigmouth  chub 
Golden  shiner 
White  shiner 
Comely  shiner 
Salinfin  shiner 
Rosefin  shiner 
Popeye  shiner 
Emerald  shiner 
River  shiner 
Bigeye  shiner 
Ghost  shiner 
Crescent  shiner 
Striped  shiner 
Common  shiner 
Bigmouth  shiner 
Whitetail  shiner 
Spottail  shiner 
Silver  shiner 
Swallowtail  shiner 
Rosyface  shiner 
New  Rivershiner 
Roughhead  shiner 
Spotfin  shiner 
Sand  shiner 
Telescope  shiner 
Redfin  shiner 
Mimic  shiner 
Steelcolor  shiner 
Suckermouth  minnow 
Kanawha  minnow 
Southern  redbelly  dace 
Mountain  redbelly  dace 
Bluntnose  minnow 
Fathead  minnow 
Bullhead  minnow 
Blacknose  dace 
Longnose  dace 
Creek  chub 
Fallfish 
Pearl  dace 


Catostomidae 


Carpiodes  carpio  (Rafinesque) 

C'.  cyprinus  ( Lesueur) 

C.  oelifer (Rafinesque) 

Catosiomus  catosiomus  (Forster) 

C.  commersoni  (Lacepede) 
*Cycleptus  elongatus  (Lesueur) 
Erimyzon  oblongus  (Mitchill) 

*E.  sucetta  (Lacepede) 
Hypentelium  nigricans  (Lesueur) 
Ictiobus  bubalus  (Rafinesque) 

I.  cyprinella  (Valenciennes) 

/.  niger  (Rafinesque) 

Minylrema  melanops  (Rafinesque) 
Moxosioma  anisurum  (Rafinesque) 
M.  carinatum  (Cope) 

*M.  cervinum  (Cope) 

M.  duquesnei  (Lesueur) 

M.  erythrurum  (Rafinesque) 

M.  macrolepidotum  (Lesueur) 

M.  rholhoecum  (Thoburn) 


River  carpsucker 
Quillback 
Highfin  carpsucker 
Longnose  sucker 
White  sucker 
Blue  sucker 
Creek  chubsucker 
Lakechubsucker 
Hog  sucker 
Smallmouth  buffalo 
Bigmouth  buffalo 
Black  buffalo 
Spotted  sucker 
Silver  redhorse 
River  redhorse 
Black  jumprock 
Black  redhorse 
Golden  redhorse 
Shorthead  redhorse 
Torrent  sucker 
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P.  macrocephala  (Cope) 

P.  maculala  (Girard) 

P.  notogramma  (Raney  and  Hubbs) 
P.  oxyrhyncha  (Hubbs  and  Raney) 
*P.  pehata  (StaufTer) 

P.  phoxocephala  (Nelson) 

P.  sciera  (Swain) 

*P.  shumardi  (Girard) 

Slizoslediwn  canadense  (Smith) 

S.  vitreum  (Mitchill) 


Longhead  darter 
Blackside  darter 
Stripeback  darter 
Sharpnose  darter 
Shield  darter 
Slenderhead  darter 
Dusky  darter 
River  darter 
Sauger 
Walleye 


Ictaluridae 


Ictalurus  catus  (Linnaeus) 

White  catfish 

l.J'urcatus(  Lesueur) 

Blue  catfish 

I.  inelas  (Rafinesque) 

Black  bullhead 

/.  natalis  (Lesueur) 

Yellow  bullhead 

/.  nebulosus  (Lesueur) 

Brown  bullhead 

I.  punctatus  (Rafinesque) 

Channel  catfish 

*Noturus  eleutherus  Jordan 

Mountain  madtom 

N.flavus  Rafinesque 

Stonecat 

N.  gyrinus  Mitchill 

Tadpole  madtom 

N.  insignis  (Richardson) 

Margined  madtom 

N.  iniurus  Jordan 

Brindled  madtom 

*N.  stigmosus  Taylor 

Northern  madtom 

Pylodictis  olivaris  (Rafinesque) 

Flathead  catfish 

Percopsidae 

Percopsis  omiscomaycus  (Walbaum ) 

T  rout-perch 

Cyprinodontidae 

Fundulus  diaphanus  (Lesueur) 

Banded  killifish 

Atherinidae 

Labidesthes  sicculus  (Cope) 

Brook  silverside 

Percichthyidae 

Morone  chrysops  (Rafinesque) 

White  bass 

M.  saxatilis  (Walbaum) 

Striped  bass 

Centrarchidae 

Ambloplites  rupestris  (Rafinesque) 

Rock  bass 

Lepomis  aurilus  (Linnaeus) 

Redbreast  sunfish 

L.  cyanellus  Rafinesque 

Green  sunfish 

L.  gibbosus  (Linnaeus) 

Pumpkinseed 

L.  gulosus  (Cuvier) 

Warmouth 

L.  humilis  (Girard) 

Orangespotted  sunfish 

L.  macrochirus  Rafinesque 

Bluegill 

L.  megalotis  (Rafinesque) 

Longear  sunfish 

*L.  microlophus  (Gunther) 

Redear  sunfish 

Micropterus  dolomieui  Lacepede 

Smallmouth  bass 

M.  punctulatus  (Rafinesque) 

Spotted  bass 

M.  salmoides  (Lacepede) 

Largemouth  bass 

Pomoxis  annularis  Rafinesque 

While  crappie 

P.  nigromaculatus  (Lesueur) 

Black  crappie 

Percidae 

*Anwwcrypta  asprella  Jordan 

Crystal  darter 

A.  pellucida  (Putnam ) 

Eastern  sand  darter 

Etheostoma  blennioides  Rafinesque 

Greenside  darter 

E.  caeruleum  Storer 

Rainbow  darter 

E.  camurum  (Cope) 

Bluebreast  darter 

E.flabellare  Rafinesque 

Fantail  darter 

*E.  kanawhae  (Raney) 

Kanawha  darter 

E.  longimanum  Jordan 

Longfin  darter 

E.  maculatum  Kirtland 

Spotted  darter 

E.  nigrum  Rafinesque 

Johnny  darter 

E.  olmsiedi  Storer 

Tessellated  darter 

E.  osburni  (Hubbs  and  Traulman) 

Finescale  saddled  darter 

E.  tippecanoe  Jordan  and  Evermann 

Tippecanoe  darter 

E.  variatum  Kirtland 

Variegate  darter 

E.  zonale  (Cope) 

Banded  darter 

Perea fiaoescens  ( M  ilchill ) 

Yellow  perch 

Percina  cap  We.?  (Rafinesque) 

Logperch 

P.  crassa  roanoka  l Jordan  and  Jenkins)  Piedmont  darter 

P.  copelandi  (Jordan) 

Channel  darter 

P.  euides  (Jordan  and  Copeland) 

Gilt  darter 

Sciaenidae 

Aplodinotus grunniens  Rafinesque  Freshwater  drum 

Cottidae 

Coitus  bairdi  Girard  Mottled  sculpin 

C.  carolinae  (Gill)  Banded  sculpin 

*C  cognatiis  Richardson  Slimy  sculpin 
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The  Longitudinal  Distribution  of  the  Fishes  of  the  East  River, 
West  Virginia- Virginia 


Abstract — Collections  at  13  stations  in  the  East  River  system, 
over  a  two-year  period,  produced  49  species  representing  7  fami¬ 
lies.  Notropis  stramineus  was  added  to  the  ichthyofauna  of  Vir¬ 
ginia.  Range  extensions  were  established  for  Clinostomus  fundu- 
loides  Girard;  Ericymba  buccata  Cope;  Nocomis  leptocephalus 
(Girard):  Notropis  chysocephalus  (Rafinesque):  Notropis 
procne  (Cope);  Notropis  telescopus  (Cope);  Notemigonus  cryso- 
leucas  (Mitchill);  Pimephales  promelas  Rafinesque;  Phoxinus  areas 
(Cope);  Noturus  insignis  (Richardson);  and  Etheostoma  caeruleum 
(Storer). 

Introduction 

Two  localities  on  the  Virginia  portion  of  the  East 
River  were  sampled  from  February-October  1973 
(Stauffer  et  al.  1974)  in  relation  to  Appalachian 
Power  Company’s  Glen  Lyn,  Virginia,  fossil  fuel 
plant.  These  collections  added  the  sand  shiner,  Not¬ 
ropis  stramineus  (Cope),  to  the  fauna  of  Virginia  (Jen¬ 
kins,  pers.  comm.).  Hambrick  et  al.  (1973)  discussed 
two  collections  from  the  East  River  which  added  the 
whitetail  shiner,  Notropis  galacturus  (Cope),  and  the 
telescope  shiner,  Notropis  telescopus  (Cope),  to  the 
known  West  Virginia  ichthyofauna.  Hambrick  et  al. 
(1973)  also  established  distributional  records  in  the 
East  River  for  the  cutlips  minnow,  Exoglossum  max- 
illingua  (Lesueur);  bluehead  chub,  Nocomis  leptoce - 
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phalus  (Girard);  striped  shiner,  Notropis  chry- 
socephalus  (Rafinesque);  spottail  shiner,  Notropis 
hudsonius  (Clinton);  rainbow  darter,  Etheostoma  cae¬ 
ruleum  (Storer);  and  the  Roanoke  darter,  Percina 
crassa  roanoka  (Jordon  and  Brayton).  The  estab¬ 
lishment  of  these  records  at  downstream  localities 
prompted  an  ichthyofaunal  study  of  the  upper  East 
River. 

The  East  River  is  a  5th  order  stream  which  arises  in 
Bluefield,  Mercer  County,  West  Virginia,  and  dis¬ 
charges  into  the  New  River  23  miles  (37  km)  down¬ 
stream  at  Glen  Lyn,  Giles  County,  Virginia.  The  East 
River  drains  77.31  square  miles  (200  km2)  and  has  an 
average  gradient  of  45.22  ft. /mi.  (8.56  m/km)  (Reger 
1925).  The  valley  is  bounded  by  Stony  Ridge  on  the 
north  and  East  River  Mountain  on  the  south. 

The  geology  of  the  area  was  determined  by  Reger 
(1925)  and  Chauvin  (1957).  The  immediate  valley 
comprises  an  outcrop  of  limestone,  while  sandstone 
and  sandy  shales  are  present  on  the  south  slope  and 
red  shales  on  the  north.  Reed  (1974)  attributes  the 
relatively  high  pH  (8. 0-8. 9)  and  total  alkalinity  (139- 
300  ppm)  to  the  presence  of  a  series  of  limestone 
springs  in  the  headwaters. 

The  state  of  West  Virginia  stocks  the  East  River 
each  spring  with  rainbow  trout,  Salmo  gairdneri 
(Richardson);  brown  trout,  Salmo  trutta  Linnaeus; 
and  brook  trout,  Salvelinus  foniinalis  (Mitchill).  The 
West  Virginia  Department  of  Natural  Resources  clas¬ 
sifies  the  East  River  as  a  high  quality  stream.  How¬ 
ever,  our  observations  and  a  literature  review  identify 
five  major  water  quality  problems  associated  with  the 
East  River:  1 )  insufficiently  treated  and  untreated  do¬ 
mestic  waters;  2)  the  discharge  of  oil,  grease  and 
detergents  from  commercial  and  industrial  estab¬ 
lishments;  3)  silt  loads  washed  into  the  stream  from 
road  construction;  4)  the  deposition  of  rubbish  along 
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the  stream  banks  (Anonymous  1967)  and  5)  dis¬ 
charge  of  heated  water. 

The  communities  of  the  East  River  Valley,  and 
their  respective  1970  populations,  are  as  follows: 
Bluefield,  West  Virginia  (15,921);  Kellysville,  West 
Virginia  (180):  Oakvale,  West  Virginia  (292);  Ada, 
West  Virginia  (250);  Glen  Lyn,  Virginia  (191);  In- 
gleside,  West  Virginia  (75).  Bluefield,  West  Virginia, 
has  the  only  existing  sewage  treatment  facilities.  Kel¬ 
lysville  and  Glen  Lyn  discharge  untreated  sewage 
directly  into  the  stream  (Anonymous  1967).  Domes¬ 
tic  discharges  of  raw  sewage  occur  throughout  the 
stream’s  length. 

Run-off  from  the  Norfolk  and  Western  Railway 
Company’s  installation  in  Bluefield,  and  from  the 
tracks  which  traverse  the  entire  length  of  the  valley, 
carry  oil,  grease  and  detergents  into  the  river.  Run¬ 
off  from  the  present  construction  of  U.S.  Rt.  460  has 
increased  the  sediment  load. 

Other  industrial  effluents  include  treatment  waste 
from  the  Crowgey  Sausage  Company,  Kellysville; 
run-off  from  a  quarrying  operation  upstream  from 
Ingleside;  and  a  heated  discharge  from  Appalachian 
Power  Company’s  stream  electric  facility  located  at 
Glen  Lyn.  See  Reed  (1974)  for  a  more  comprehensive 
discussion  of  the  water  quality. 

Methods 

Thirteen  stations,  including  the  two  downstream 
stations  outlined  by  Stauffer  et  al.  (1974),  were  estab¬ 
lished  throughout  the  East  River  and  in  its  major 
tributaries  (Figure  1).  Stations  were  selected  for  acces¬ 
sibility  but  were  spaced  as  evenly  as  possible  through¬ 
out  the  river’s  length.  Rotenone  in  conjunction  with  a 
block  net  (Hocutt  et  al.  1973)  was  used  to  sample 
fishes  at  stations  6,  10,  11,  12,  and  13.  All  other  sta¬ 
tions  were  sampled  with  a  1.2  m  X  3.6  m  X  .64  cm 


seine.  Each  locality  was  sampled  until  it  was  felt  that 
more  effort  would  not  produce  any  additional  species. 
Both  riffle  and  pool  habitats  were  sampled  exten¬ 
sively.  All  specimens  were  preserved  in  10  percent 
formalin,  identified  to  species  and  stored  in  40  per¬ 
cent  isopropyl  alcohol  in  the  Virginia  Polytechnic 
Institute  and  State  University  Fish  Museum  (VP1SU). 

The  U.S.  Geological  Survey  15-minute  maps 
(1:62,500  scale)  of  Bluefield,  West  Virginia-Virginia 
and  Narrows,  West  Virginia-Virginia  were  used  to 
determine  stream  order,  gradient,  altitude  and  river 
mile.  Horton’s  (1945)  method  as  discussed  by 
Kuehne  (1962)  was  used  to  calculate  stream  order.  A 
map  tracer  was  used  to  determine  gradient  and  river 
mile. 

Stations  and  Collections 

1.  Km  33.8.  East  River  below  Bluefield ’s  water  treatment  plant. 
Mercer  Co.,  West  Virginia,  25  July  1974.  Gradient  11.9  m/km; 
altitude  716.3  rn. 

2.  Dam  Hollow  Creek  in  Bluefield  water  reservoir  (old  Ada  Dam) 
due  south  of  Ada,  Mercer  Co.,  West  Virginia,  18  Sept  1973. 
Altitude  701  m. 

3.  Km  30.6.  East  River  at  mouth  of  spring  from  Ada  Reservoir, 
Mercer  Co.,  West  Virginia,  25  July  1974.  Gradient  11.2  m/km; 
altitude  670.6  m. 

4.  Km  27.4.  East  River,  2.4  km  due  west  of  Bos  Spring  Branch 
(tributary  of  East  River),  Mercer  Co.,  West  Virginia,  18  Sep¬ 
tember  1973.  Gradient  9.0  m/km;  altitude  655.3  m. 

5.  Km  25.7.  East  River  at  Jug  Neck  Curve  4  km  upstream  from 
Ingleside,  Mercer  Co.,  West  Virginia,  25  July  1974.  Gradient 
5.9  m/km;  altitude  624.8  m. 

6.  Km  20.9.  East  River  below  mouth  of  12  Mile  Creek,  Ingleside, 
Mercer  Co.,  West  Virginia,  18  September  1973;  25  July  1974. 
Gradient  5.9  m/km;  altitude  597.1  m, 

7.  Km  18.5.  East  River  below  Mill  Dam,  Rt.  12,  McKenzie,  Mer¬ 
cer  Co.,  West  Virginia,  17  September  1973.  Gradient  9.0  m/ 
km;  altitude  569.4  m. 

8.  Km  12.  East  River  at  mouth  of  Five  Mile  Creek,  downstream 


Fig.  I.  Map  of  the  East  River  drainage.  West  Virginia-Virginia. 
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from  Oakvale,  Mercer  Co.,  West  Virginia,  17  September  1973. 
Gradient  3.0  m/km;  altitude  533.4  m. 

9.  Five  Mile  Creek  at  mouth  of  Hales  Branch,  Goodwin  Chapel, 
Mercer  Co.,  West  Virginia,  17  September  1973.  Gradient  9.9 
m/km;  altitude  558.7  m. 

10.  Km  10.4.  East  River  at  mouth  of  Pigeon  Creek,  Pigeon  Creek 
Road  (219-6),  Mercer  Co.,  West  Virginia,  17  September  1973. 
Gradient  4.5/km;  altitude  518.2  m. 

11.  Km  1.2.  East  River  at  West  Virginia-Virginia  State  Line.  Sam¬ 
pled  bimonthly,  February  1973 — December  1974.  Gradient  7.5 
m/km;  altitude  487.7  m. 

12.  Km  0.4.  East  River  below  outfall  of  APCO’s  heated  discharge, 
Glen  Lyn,  Giles  Co.,  Virginia.  Sampled  bimonthly,  February 
1973— December  1974.  Gradient  3.8  m/km;  altitude  475.5  m. 

13.  Km  0.  East  River  at  confluence  of  New  River,  Giles  Co.,  Vir¬ 
ginia.  Sampled  bimonthly,  February  1973 — December  1974. 
Gradient  1.9  m/km;  altitude  457.2  m. 

Results  and  Discussion 

This  survey  resulted  in  the  collection  of  49  fish 
species  in  7  families  (Table  1).  All  species  except 
the  rainbow  trout,  Salmo  gairdneri  Richardson,  and 
brook  trout,  Salvelinus  fontinalis  (Mitchill)  were 
present  in  the  Virginia  portion  of  the  East  River. 
The  West  Virginia  fauna  comprised  24  species. 
Range  extensions  were  established  for  12  species. 

Rosyside  dace,  Clinostomus  funduloides  Girard. 
The  Range  of  the  rosyside  dace  was  extended  to  in¬ 
clude  the  West  Virginia  portion  of  the  East  River. 
An  examination  of  fishermen’s  bait  buckets  revealed 
that  this  species  was  abundant.  Records  of  the  VPISU 
Fish  Museum  show  that  the  rosyside  dace  was  pres¬ 
ent  in  many  of  the  streams  in  the  area.  Jenkins  and 
Freeman  (1972)  reported  it  as  a  headwater  pool  in¬ 
habitant  in  the  Roanoke  drainage.  Burton  and 
1  Odum  (1945)  recorded  it  in  Sinking  Creek  and 
;  Spruce  Run,  New  River  drainage,  Giles  County,  Vir¬ 
ginia.  A  downstream  distributional  record  in  the 
I  main  channel,  New  River,  was  reported  in  Hocutt 
I  et  al.  (1973). 

Silverjaw  minnow,  Ericymba  buccata  Cope.  One 
!  specimen,  collected  at  station  12,  represents  a  new 
j  distributional  record  for  the  New  River  drainage, 
Giles  County,  and  adds  this  species  to  the  ichthyo¬ 
fauna  of  the  East  River.  The  silverjaw  minnow  did 
occur  in  fishermen’s  bait  buckets,  although  it  was  not 
common. 

Bluehead  chub,  Nocomis  leptocephalus  (Girard). 
Hambrick  et  al.  (1973)  collected  it  at  Willowton, 
West  Virginia  (km  4.0).  The  collection  at  station  6 
(km  20.9)  represented  an  upstream  distributional  rec¬ 
ord  for  the  bluehead  chub  in  the  East  River. 

Striped  shiner,  Notropis  chrysocephalus  (Rafines- 
que).  Hambrick  et  al.  (1973)  established  a  new  dis¬ 
tributional  record  for  this  species  at  Willowton,  West 
Virginia.  The  presence  of  the  striped  shiner  at  sta¬ 
tion  8  extends  this  record  upstream  to  km  12. 

Golden  shiner,  Notemigonus  crysoleucas  (Mitchill). 
The  presence  of  the  golden  shiner  at  stations  1 1 
and  12  added  this  species  to  the  fauna  of  the  East 
River.  As  this  is  a  common  bait  fish,  the  specimens 
may  represent  bait  bucket  introductions. 

Swallowtail  shiner,  Notropis  procne  (Cope).  One 
specimen  of  the  swallowtail  shiner,  collected  at  sta¬ 
tion  1 1,  added  this  species  to  the  fauna  of  the  East 
River.  Jenkins  et  al.  (1971)  did  not  list  the  swallow¬ 


tail  shiner  in  the  Kanawha  River;  however,  Hocutt 
(1974)  added  this  species  to  the  New  River  fauna.  In¬ 
terviews  with  fishermen  indicated  that  several  of 
them  came  from  Salem,  Virginia.  The  swallowtail 
shiner  is  generally  common  in  some  small  streams 
(Roanoke  River  drainage)  of  the  Salem  area  (Jenk¬ 
ins  and  Freeman,  1972);  however,  no  specimens  of 
the  swallowtail  shiner  were  observed  in  bait  buckets. 

Sand  shiner,  Notropis  stramineus  (Cope).  The  col¬ 
lection  of  one  specimen  of  the  sand  shiner  at  station 
12  adds  this  species  to  the  ichthyofauna  of  Virginia 
(Jenkins,  per.  comm.).  Jenkins  et  al.  (1971)  list  it  as 
being  native  to  the  Kanawha  River  above  the  falls.  It 
is  possible  that  this  specimen  was  attracted  by  either 
the  warm  water  or  the  artificially  created  sand  bot¬ 
tom,  which  are  both  created  by  APCO’s  fossil  fuel 
plant  located  at  station  12. 

Telescope  shiner,  Notropis  telescopus  (Cope). 
Hambrick  et  al.  (1973)  added  the  telescope  shiner  to 
the  ichthyofauna  of  West  Virginia  with  their  collec¬ 
tion  at  Willowton,  West  Virginia.  Our  collection  of 
this  species  at  station  8  extended  its  distribution  to 
km  12.  The  absence  of  the  telescope  shiner  at  the 
upstream  stations  supports  the  theory  of  Hambrick 
et  al.  (1973)  of  the  upstream  dispersal  from  the  New 
River. 

Mountain  redbelly  dace,  Phoxinus  oreas  (Cope). 
The  occurrence  of  this  species  at  station  1 1  is  the 
first  record  for  the  East  River  drainage,  Virginia. 

Fathead  minnow,  Pimephales  notatus  Rafinesque. 
Collections  at  stations  11  and  12  are  the  first  rec¬ 
ords  of  the  East  River.  Jenkins  et  al.  (1971)  did  not 
find  the  fathead  minnow  in  the  Kanawha  River' 
above  the  falls.  Hocutt  et  al.  (1973)  established  a 
distributional  record  for  this  species  in  the  main 
channel.  New  River.  Again,  these  distributional  rec¬ 
ords  probably  represent  bait  bucket  introductions. 
This  species  was  present  in  several  fishermen’s  min¬ 
now  buckets  along  the  banks  of  the  New  River  and 
mouth  of  the  East  River. 

Margined  madtom,  Noturus  insignis  ssp.  (Richard¬ 
son).  One  specimen  collected  at  station  12  was  the 
first  record  for  the  East  River  drainage.  Records  at 
the  VPISU  Fish  Museum  show  that  this  species  is 
abundant  in  many  of  the  tributaries  of  the  New 
River.  This  record  may  represent  downstream  dis¬ 
persal  via  the  main  channel  New  River. 

Rainbow  darter,  Etheostoma  caeruleum  (Storer). 
Hocutt  et  al.  (1973)  added  the  rainbow  darter  to 
the  ichthyofauna  of  the  upper  New  River,  Virginia. 
The  first  record  in  the  East  River  was  reported  by 
Hambrick  et  al.  (1973).  The  presence  of  this  spe¬ 
cies  at  station  10  extends  the  distribution  to  include 
the  New  River  drainage,  West  Virginia. 

Other  species  not  collected  in  this  study,  but  which 
may  be  present  in  the  East  River,  include  the  tongue- 
tied  minnow,  Exoglossum  laurae  (Hubbs);  longear 
sunfish,  Lepomis  megalotis  (Rafinesque);  finescaled 
saddle  darter,  Etheostroma  osburni  (Hubbs  and 
Trautman);  and  the  mottled  sculpin,  Cottus  bairdi 
Girard.  The  tonguetied  minnow  was  reported  in  a 
collection  of  Addair  (University  of  Michigan  Mu¬ 
seum  of  Zoology:  119174-119183)  in  the  East  River, 
19.3  kilometers  from  Princeton,  West  Virginia.  Two 
specimens  of  the  longear  sunfish  were  collected  by 
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Hubbs  and  Hubbs  (UMMZ.2  specimens  95249)  in 
the  East  River,  Glen  Lyn,  Virginia.  This  material 
was  subsequently  confirmed  by  R.  E.  Jenkins  (pers. 
comm.).  Both  the  finescaled  saddle  darter  and  the 
mottled  sculpin  have  been  collected  by  the  authors 
in  the  main  channel  New  River. 

In  addition  to  the  above,  Goldsborough  and  Clark 
(1908)  reported  21  specimens  of  the  emerald  shi¬ 


ner,  Notropis  atherinoides  Rafinesque,  in  the  East 
River  near  Ingleside,  West  Virginia.  Jenkins  (1971), 
however,  does  not  list  this  species  as  being  present 
above  the  falls  in  the  Kanawha  River.  We  feel  cer¬ 
tain  that  the  records  of  Goldsborough  and  Clark 
represent  a  misidentification  of  either  the  rosyface 
shiner  or  the  silver  shiner. 

Station  12,  located  in  APCO’s  heated  discharge, 


TABLE  1 


List  of  species  captured  in 

the  East  River  February  1973— 

-December  1974. 

Stations 

13 

12 

11 

10 

9 

8 

7 

6 

5 

River  Kilometer 

Species 

0 

.4 

1.2 

10.4 

* 

12 

18.5 

20.9 

25.7 

Salmo  gairdneri 

X 

Salvelinus  fontinalis 

X 

Campostoma  anomalum 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Clinostomus  funduloides 

X 

X 

Cy prims  carpio 

X 

Exoglossum  maxillingua 

X 

X 

X 

Ericymba  buccata 

X 

Nocomis  platyrhynchus 

X 

X 

X 

X 

N.  lep'tocephalus 

X 

X 

X 

X 

X 

X 

Notemigorius  crysdleucas 

X 

X 

Notropis  albeolus 

X 

X 

X 

X 

X 

N.  ardens 

X 

X 

X 

X 

N.  chrysocephalus 

X 

X 

N.  galacturus 

X 

X 

X 

N.  hudsonius 

X 

X 

X 

X 

N .  photogenis 

X 

X 

X 

N.  procne 

X 

N.  rubellus 

X 

X 

X 

X 

X 

N.  spilopterus 

X 

X 

X 

X 

X 

X 

X 

N.  stramineus 

X 

N.  telescopus 

X 

X 

X 

X 

X 

N.  v.  volucellus 

X 

X 

X 

Phoxinus  oreas 

X 

Pimephales  notalus 

X 

X 

X 

X 

X 

X 

P.  promelas 

X 

X 

Rhinichthys  atratulus  obtusus 

X 

X 

X 

X 

X 

X 

X 

X 

X 

R.  cataractae 

X 

Semotilus  atromaculatus 

X 

X 

X 

X 

X 

X 

Ca  tostonms  commersoni 

X 

X 

X 

X 

X 

X 

Hypentelium  nigricans 

X 

X 

X 

X 

X 

Iclalurus  punctatus 

X 

X 

X 

Noturus  'ins ignis 

X 

Pylodictus  olivaris 

X 

X 

A  mbloplites  r.  rupestris 

X 

X 

X 

X 

Leponiis  auritus 

X 

X 

X 

L.  cy  a  ne  II  us 

X 

X 

X 

X 

L.  gibbosus 

X 

L.  macrochirus 

X 

X 

M  icroplerus  dolomieui 

X 

X 

X 

M.  punctulatus 

X 

X 

M.  salmoides 

X 

Pomoxis  nigromaculalus 

X 

Etheostoma  blennioides 

X 

X 

X 

X 

E.flabellare 

X 

X 

X 

X 

X 

X 

X 

X 

X 

E.  caeruleum  * 

X 

X 

X 

Percina  crassa  roanoka 

X 

X 

X 

P.  oxyrhyncha 

X 

X 

P.  maculata 

X 

Cottus  carolinae  ssp 

X 

X 

X 

X 

Station  not  located  on  the  main  channel. 
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supported  the  most  diverse  fauna.  It  is  probable  that 
when  the  heated  discharge  provides  the  preferred 
temperature  of  a  particular  species  in  the  effluent, 
that  species  moves  into  the  area  (Stauffer  1975; 
Stauffer  et  al.  1974). 

Excluding  the  stations  located  in  the  heated  dis¬ 
charge,  the  number  of  species  decreased  from  37 
at  station  11  (river  km  1.2)  to  0  at  station  1  (river 
km  33.8).  A  natural  decrease  in  the  number  of  spe¬ 
cies  in  headwater  areas  was  to  be  expected  (Jenk¬ 
ins  and  Freeman  1972;  Hocutt  and  Stauffer  1975); 
however,  the  decline  in  the  number  of  species  in 
East  River  was  probably  influenced  by  the  presence 
of  organic  pollution.  This  hypothesis  was  further 
supported  by  the  complete  absence  of  fish  at  sta¬ 
tion  1,  which  was  located  immediately  downstream 
of  Bluefield’s  sewage  treatment  facility. 

It  should  be  noted  that  rotenone  was  used  to  sam¬ 
ples  stations  6,  10,  11,  12  and  13  in  1974.  The  rote¬ 
none  collection  at  station  6  (river  km  20.9)  did 
not  produce  any  more  species  than  a  seine  collec¬ 
tion  at  the  same  locality  had  in  1973.  It  was  there¬ 
fore  assumed  that  the  continued  use  of  rote¬ 
none  upstream  of  this  point  would  not  result  in  the 
collection  of  more  species  than  would  careful  seining. 

In  general,  we  support  the  conclusions  of  Ham- 
brick  et  al.  (1973)  that  the  populations  of  the  white- 
tail  shiner  and  telescope  shiner  have  dispersed  up¬ 
stream  from  the  New  River.  However,  the  rainbow 
darter’s  presence  may  reflect  a  relict  population 
which  can  no  longer  inhabit  the  upper  reaches  of 
the  East  River  because  of  pollution.  The  margined 
madtom  probably  dispersed  down  the  New  River 
from  other  tributaries  to  the  mouth  of  the  East 
River.  Other  distributional  records  probably  resulted 
from  bait  bucket  introductions. 
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The  Occurrence  of  Diaptomus  (Skistodiaptomus)  pallidus  Her¬ 
rick  and  D.  (S.)  pygmaeus  Pearse  (Copepoda:  Calanoida)  in 
Virginia. 


Abstract — Comments  on  and  records  of  the  distributions  of  Dia¬ 
ptomus  pallidus  and  D.  pygmaeus  in  Virginia  are  presented.  These 
new  state  records  represent  significant  range  expansions,  especially 
for  the  latter  species. 

Calanoid  copepods  have  received  scant  coverage  in 
Virginia.  Previously  published  records  (Marsh  1915 
and  1929;  Hutchinson  and  Pickford  1932;  Coker  and 
Hayes  1940;  Grover  and  Coker  1940;  McCalla  1942; 
Obeng-Asamoa  1971)  represent  samples  from  very 
limited  areas  and  generally  span  brief  time  periods. 
The  collections  of  Marsh  were  from  the  vicinity  of 
Washington,  D.C.  and  the  rest  were  from  Mountain 
Lake.  The  two  species  of  Diaptomus  herein  reported 
appear  to  be  new  for  the  state.  It  was  not  possible 
to  establish  whether  these  species  were  native  or  were 
recent  introductions.  The  relatively  recent  construc¬ 
tion  of  large  impoundments  may  have  provided  a 
habitat  not  available  in  the  two  natural  lakes  of  Vir¬ 
ginia  (A.  Robertson,  pers.  comm.). 

Mountain  Lake  in  Giles  County  is  a  distinctly  oli- 
gotrophic  lake  at  an  elevation  of  1 181  m.  Diaptomus 
(Aglaodiaptomus)  leptopus  Forbes  is  the  only  cala¬ 
noid  known  from  Mountain  Lake  and  there  reaches 
its  southern  limit  (Wilson  1959).  Lake  Drummond  in 
the  Great  Dismal  Swamp  is  a  dystrophic  bog  lake 
which  apparently  has  no  limnetic  diaptomids  (Ander¬ 
son  1975).  Limnologically  these  two  natural  lakes  are 
unlike  the  impoundments  now  found  in  Virginia. 

D.  pallidus  has  a  widespread  distribution  west  of 
the  Appalachians  and  east  of  the  Rockies  (Marsh 
1929;  Wilson  1959).  It  has  been  reported  as  far  east  as 
Pymatuning  Reservoir  in  Pennsylvania  (Czaika  and 
Robertson  1968)  and  Nottely  Reservoir  in  Georgia 
(Hegyi  1973).  Consequently,  it  is  not  surprising  that 
we  find  this  species  widely  distributed  within  Vir¬ 
ginia.  Twelve  records  for  this  species  (see  Table  1) 
have  been  established  based  on  collections  from  22 
impoundments  throughout  the  state. 
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Reports  for  D.  pygmaeus  have  been  limited  to  New 
England  (A.  Robertson,  pers.  comm.)  since  its  origi¬ 
nal  discovery  in  Massachusetts  (Pearse  1905).  Con¬ 
sequently,  the  presence  of  this  species  in  North  Anna 
Reservoir  was  thought  to  be  quite  unusual  and  per¬ 
haps  to  be  a  transitory  phenomenon  attributable  to 
the  newness  of  the  impoundment  (filled  in  1972). 
However,  continued  collecting  in  that  reservoir  and 
additional  collections  from  three  impoundments  pre¬ 
sumed  to  be  old  enough  to  have  stable  zooplankton 
communities  (Dzyuban  1957)  have  established  that 
D.  pygmaeus  is  a  consistent  member  of  some  limnetic 
zooplankton  communities  in  this  state  (Table  1 ). 

In  previous  literature  I  found  no  mention  of  the 
co-occurrence  of  these  two  species,  yet  two  such 
cases  are  now  known  for  Virginia.  This  probably 
represents  the  first  overlap  of  their  geographic  ranges, 
perhaps  due  to  recent  extensions  by  one  or  both  spe¬ 
cies.  There  are  two  additional  factors  that  may  have 
some  bearing  on  the  previous  lack  of  reports.  First, 
D.  pygmaeus  was  long  considered  a  synonym  of  D. 
oregonensis  (Marsh  1929)  so  actual  records  of  D. 
pygmaeus  may  have  been  missed.  Secondly,  in  cases 
where  only  female  individuals  are  available,  it  may 
not  be  possible  to  distinguish  between  D.  pallidus  and 
D.  pygmaeus  using  the  key  by  Wilson  (1959).  The 
character  which  she  employed — the  relative  lengths 
of  the  lateral  marginal  setae  of  the  endopod  of  leg  5— 
was  found  to  be  too  variable.  (The  original  published 
drawings  of  Pearse  in  fact  appear  to  contradict  the 
key.)  I  suggest  that  this  character  not  be  used  to 
distinguish  between  females  in  mixed  populations  un¬ 
til  morphometric  analysis  can  establish  the  extent  of 
the  variation.  The  implications  of  con-generic  (or 
-sub-generic)  occurrences  have  been  discussed  in  de¬ 
tail  by  several  authors  (e.g.,  Cole  1961;  Rigler  and 
Langford  1967;  Sandercock  1967). 

The  distributional  records  compiled  for  Diaptomus 
pallidus  and  D.  pygmaeus  in  Virginia  represent  signifi¬ 
cant  range  extensions,  especially  for  the  latter  species. 
The  present  abundance  of  both  species  in  the  state, 
when  no  published  records  are  known,  demonstrates 
our  ignorance  of  the  zooplankton  of  Virginia’s  many 
impoundments. 
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TABLE  1 

Locality  data  for  Diaptomus  pallidus  and  D.  pygmaeus  in  Virginia 


Diaptomus  ( Skistodiaptomus )  pallidus 
City  of  Newport  News.  City  of  Newport  News  reservoir  near 
state  route  143.  1  June  1975 
Lake  Maury.  1  June  1975 
Fairfax  County.  Burke  Lake.  18  May  1975 
Lake  Fairfax  located  3  km.  east  of  Herndon.  18  May  1975 
Franklin  County.  Smith  Mountain  Lake.  A  series  of  collections 
during  1974. 

James  City  County.  Lake  Matoka  adjacent  to  the  campus  of  the 
College  of  William  and  Mary.  1  June  1975 
Lake  Powell  at  state  route  31.1  June  1975 
Reservoir  on  Skiffes  Creek  at  U.S.  route  60.  31  May  1975 
Louisa  County.  North  Anna  Reservoir.  Many  collections  since 
1973. 

Montgomery  County.  Izaac  Walton  League  pond  on  Den  Creek 
near  county  route  641  about  8  km  SE  of  Blacksburg.  23  Jan. 
1975 

Patrick  County.  Philpott  Reservoir.  7  Nov.  1975 
York  County.  Jones  Mill  Pond  in  Cheatham  Annex  at  Colonial 
Parkway.  31  May  1975 

Queen  Ann's  Lake  near  county  route  716  north  of  1-64.  31 
May  1975 

Diaptomus  ( Skistodiaptomus )  pygmaeus 
Albemarle  County.  Reservoir  on  South  Fork  Rivanna  River.  17 
May  1975 

Fairfax  County.  Lake  Fairfax,  located  3  km  east  of  Hern  don.  18 
May  1975 

Louisa  County.  North  Anna  Reservoir.  Many  collections  since 
1973. 

Pulaski  County.  Claytor  Lake.  Fall,  1974 
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Records  of  the  Blackbanded  Sunfish, 

Enneacanthus  chaetodon ,  and  Comments  on  the  Southeastern 
Virginia  Freshwater  Ichthyofauna 


Abstract — The  blackbanded  sunfish,  Enneacanthus  chaetodon,  is 
recorded  for  the  first  time  in  Virginia,  from  the  inner  Coastal  Plain 
of  the  Chowan  system.  Additional  records,  notably  for  the  Roa¬ 
noke,  Tar,  and  Neuse  drainages  of  North  Carolina,  supplement 
those  of  Sweeney  ( 1 972)  from  other  parts  of  its  range.  Some  of  the 
broad  gaps  in  its  overall  distribution  and  localization  of  popu¬ 
lations  probably  relate  to  ecological  factors  and  prehistorical 
changes  in  sea  level. 

The  freshwater  ichthyofauna  of  southeastern  Virginia  contains 
about  70  species.  Ecological  and  physical  barriers  in  the  Chowan 
Fall  Line  zone  apparently  are  not  as  sharp  or  extensive,  or  so 
restricted  to  that  physiographic  province,  as  in  certain  other  Atlan¬ 
tic  slope  drainages.  Thus  many  species  typical  of  either  the  adja¬ 
cent  Coastal  Plain  or  the  Piedmont  provinces  occur  on  both  sides 
of  the  Fall  Line.  The  richness  of  the  Chowan  fauna  (69  species), 
compared  with  that  of  the  Dismal  Swamp  (25  species),  reflects  in 
part  its  greater  age,  closer  proximity  to  richer  faunal  sources,  and 
access  to  a  much  greater  diversity  of  habitat. 

Introduction 

The  blackbanded  sunfish,  Enneacanthus  chaetodon 
(Baird),  is  a  small,  secretive  sunfish  (Centrarchidae) 
previously  recognized  in  the  monospecific  genus  Me- 
sognistius.  Mergence  of  Mesognistius  with  Ennea¬ 
canthus,  now  containing  three  species,  is  based  on 
studies  by  Branson  and  Moore  (1962)  and  Sweeney 
(1972)  and  is  widely  accepted.  Subgenera  were  not 
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recognized.  E.  chaetodon  was  partitioned  by  Bailey 
(1941 )  into  a  northern  and  a  southern  subspecies,  the 
latter  named  E.  c.  elizabethae.  Sweeney  (1972)  found 
that  differences  are  below  levels  generally  regarded 
sufficient  for  subspecific  recognition. 

E.  chaetodon  is  a  Coastal  Plain  species,  ranging  on 
the  Atlantic  slope  from  New  Jersey  to  Florida,  and 
occurring  on  the  northeastern  Gulf  of  Mexico  slope 
in  Georgia.  Its  distribution  pattern  shows  wide  dis¬ 
junctions  and  localization  of  populations. 

We  document  the  first  Virginia  collection  of 
E. chaetodon  and  summarize  other  records  of  this  spe¬ 
cies,  many  from  generally  unavailable  state  reports, 
with  comments  on  habitat.  Until  recently  the  compo¬ 
sition  of  the  ichthyofauna  of  the  Chowan  River  sys¬ 
tem  (Roanoke  drainage)  in  Virginia  was  poorly 
known.  Its  present  fauna  is  identified  according  to 
physiographic  provinces  occupied,  and  it  is  compared 
with  that  of  the  adjacent  Dismal  Swamp.  Many  zoo¬ 
geographic  studies  have  indicated  differences  among 
montane.  Piedmont,  and  Coastal  Plain  faunas.  Ra¬ 
ney  (1950)  considered  the  fishes  of  the  James  drain¬ 
age,  adjacent  to  the  Chowan  on  the  north.  Jenkins, 
Lachner,  and  Schwartz  ( 1972)  treated  those  of  central 
eastern  United  States,  with  summary  of  extensive  ear¬ 
lier  literature,  but  generally  did  not  distinguish  the 
Chowan  fauna  from  that  of  the  Roanoke  proper. 
Emphasis  herein  is  on  the  fauna  of  the  Chowan  Fall 
Line  zone  and  its  species  that  occur  in  the  adjacent 
Coastal  Plain  and  Piedmont  provinces. 
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Materials  and  Methods 

Records  of  E.  chaetodon  plotted  in  Fig.  1,  and  additional  to 
those  of  Sweeney  (1972),  are  listed  below.  Institutional  abbrevia¬ 
tions:  DU — Duke  University;  NCSM — North  Carolina  State  Mu¬ 
seum  of  Natural  History;  RC — Roanoke  College;  USNM — U.S. 
National  Museum  of  Natural  History. 

NJ:  5  coll.  (Smith  1953).  DE:  2  coll.  (Harmic  1952).  MD; 
USNM  uncat.,  Wicomico  Co.,  impoundment  Tonytank  Cr.,  Rt. 
13,  0.5  mi.  S.  Salisbury,  26  July  1949  [Smithville  Pond  records 
(Schwartz  1961)  apparently  misplotted  by  Sweeney  (1972)].  Roa¬ 
noke  (Chowan )  drainage,  VA:  USNM  214540,  2  spms.,  40,  55  mm 
std.  len.,  Prince  George  Co.,  Blackwater  Swamp,  Rt.  156  bridge, 
2.7  mi.  N  Rt.  460,  15  July  1973,  L.  A.  and  D.  S.  Revelle,  R.  S. 
Strickland.  Roanoke  (Chowan)  drainage,  NC:  Gates  Co.,  Mer¬ 
chants  Mill  Pond  (Menhinick,  pers.  comm.).  Gates  Co.,  Duke 
Swamp  (Tarplee,  pers.  comm.).  Roanoke  (Roanoke)  drainage,  NC: 
NCSM  235-240,  1  local.  (Fowler  1945).  Albermarle  Sound  (Alliga¬ 
tor)  drainage,  NC:  1  coll.  (Baker  and  Smith  1965).  Tar  drainage, 
NC:  DU  uncat.,  Nash  Co.,  Sapony  Cr.  2.3  mi.  S  Nashville,  Rt.  58, 

1  June  1950  (J.  R.  Bailey  fide  Menhinick,  pers.  comm.).  Neuse 
drainage,  NC:  5  coll.  (Bayless  and  Smith  1962),  1  of  which  is 
NCSM  3732,  another  uncat.  at  DU.  1  coll.  (Fowler  1945).  1  coll. 
(Smith  1907).  NCSM  233-234,  241-242  Johnston  Co.,  Mingo  Cr., 
10  Dec.  1924.  DU  uncat.,  Johnston  Co.,  outlet  Godwins  L.,  6.5  mi. 
SSE  Benson,  29  Mar.  1960.  DU  uncat.,  Nash  Co.,  Toisnet  Swamp 
3  mi.  S  Strickland  Crossroads,  Rt.  97  bridge,  19  June  1961  (last  2 
by  Bailey  fide  Menhinick,  pers.  comm.).  Northeast  Cape  Feardrain- 
age,  NC:  5  coll.  (Bayless  1963).  Cape  Fear  drainage,  NC:  16  coll. 
(Louder  1963  [where  disagreement  occurs  between  Appendices  A 
and  B,  which  is  only  slight,  App.  A  data  are  used,  as  they  are  closer 
to  orig.  data;  App.  B  is  summary  of  App.  A.]).  White  Lake  (Col¬ 
lette  1962).  Peedee  (Lumber,  Waccamaw)  drainage,  NC:  26  coll. 
(Louder  1962).  Savannah  drainage,  SC:  2  coll.  [1  unlocated]  (Free¬ 
man  1954). 

Records  for  other  species  of  the  Chowan  system  and  Dismal 
Swamp  of  Virginia  (Table  1)  are  based  on  168  collections  taken, 
reported,  or  housed  as  follows  [number  of  collections  in  brackets]: 
Andrews  (1971 )  [25  “counted,"  judged  to  mean  25  colls,  are  basis 
of  Andrew's  table,  regarded  to  include  3  at  Cornell  University 
taken  by  Andrews  and  at  least  4  at  Va.  Inst.  Mar.  Sci.  taken  by  W. 
H.  Massmann].  Cornell  Univ.  [42],  includes  27  colls,  by  Zorach; 
most  others  by  E.  C.  Raney;  includes  2  from  Chowan  by  Andrews; 
excludes  3  from  Dismal  Swamp  collected  and  apparently  reported 
by  Andrews  (1971 ).  Fowler  (1945)  [1],  Henningson,  Durham  and 
Richardson,  Inc.  [5]  by  R.  S.  Lee  and  D.  Smith,  housed  at  RC. 
Jordan  (1889)  [3,  excluding  first  3  “Dismal  Swamp"  colls,  listed], 
housed  at  Cal.  Acad.  Sci.,  Univ.  Mich.,  USNM.  Lynchburg  Coll. 
[6].  Old  Dominion  Univ.  [6],  by  R.  S.  Birdsong.  Revelle  [14],  pers. 
coll.  Smith  (1963)  [2],  U.  S.  Bur.  Sport  Fish.  Wildl.  [6],  by  J.  R. 
Sheridan,  some  housed  at  RC.  USNM  [12],  most  by  G.  S.  Myers; 
excludes  Jordan’s  material.  U.  S.  Soil  Cons.  Serv.  [3],  by  R.  I. 
Bonn,  mostly  housed  at  RC.  Univ.  Conn.  [6].  Univ.  Fla.  [3].  U  niv. 
Mich.  Mus.  Zool.  [2],  excludes  Jordan’s  material.  Univ.  N.  C., 
Inst.  Mar.  Sci.  [1].  Univ.  Richmond  [1 1],  most  by  W.  S.  Woolcott. 
Va.  Comm.  Game  Inland  Fish.  [1 1],  by  R.  V.  Corning  and  M.  D. 
Norman;  small  amt.  preserved.  Va.  Inst.  Mar.  Sci.  [9],  most  by  J. 
A.  Musick;  excludes  4  by  Massmann  included  under  Andrews 
(1971).  Some  records  of  Moxosloma  (Jenkins,  1970)  and  Nocomis 
(Lachner  and  Jenkins  1971)  are  based  on  specimens  collected  by 
R.  D.  Ross,  Va.  Polytech.  Inst.  State  Univ.,  and  housed  at  Cornell 
Univ.  and  the  USNM. 

I 

Total  Virginia  collections  indicated  above  (exclud- 
:  ing  those  by  Ross)  from  each  watershed  and  phys- 
I  iographic  province:  Meherrin — Piedmont  16,  Fall 
Line  6,  Coastal  Plain  2;  Nottoway — Piedmont  33, 
Fall  Line  14,  Coastal  Plain  19;  Blackwater — Coastal 
Plain  35;  Dismal  Swamp — Coastal  Plain  43. 
Location  of  Fall  Line  generally  was  taken  from 
|  Fenneman  (1938).  Its  location  in  the  Chowan  and 


Fig.  I — Distribution  by  locality  records  of  E.  chaetodon.  Some 
records  omitted  where  symbols  are  crowded. 


longitudinal  profiles  and  gradients  of  certain  Chowan 
streams  were  determined  from  a  gazetteer  and  map  in 
Anon.  (1972)  and  U.  S.  Geological  Survey  topo¬ 
graphic  maps,  scale  1:24,000.  Limits  of  the  Dismal 
Swamp  in  Virginia  were  considered  those  mapped  by 
Whitehead  (1972),  supplemented  by  examination  of 
U.S.G.S.  1 :24,000  maps.  Ramsey  et  al.  (1970)  and  the 
U.S.G.S.  Norfolk  1:250,000  quadrangle  were  used  to 
determine  the  Swamp  boundary  in  North  Carolina. 

Common  names  of  fishes  listed  herein  were  given 
by  Bailey  et  al.  (1970). 

Habitat 

Throughout  its  range  the  blackbanded  sunfish  is 
largely  restricted  to  quiet,  shallow,  heavily  vegetated, 
nonturbid,  darkly  stained,  acidic  waters  of  streams, 
margins  of  rivers,  ponds,  and  lakes.  The  single  local¬ 
ity  of  its  capture  in  Virginia  is  in  a  typical  small,  inner 
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table  1 

Fishes,  listed  by  physiographic  province,  of  the  three  branches  of  the  Chowan  system  ( Roanoke  drainage)  and  the  Dismal  Swamp, 
Virginia.  ( +  =  native; *  *  and  I  =  introduced;  -  =  unknown;  certain  euryhaline  species  excluded) 


Family 

Genus  species 


_  CHOWAN _ _ 

Meherrin  and/or  Nottoway  Blackwater 

Piedmont  Fall  Coastal  Coastal 

Line  Plain  Plain 


DISMAL  SWAMP 


Coastal 

Plain 


Petromyzontidae 
Lampetra  lamottenii 
Petromyzon  marinus 
Lepisosteidae 
Lepisosteus  osseus 
Amiidae 
Amia  caloa 

Anguillidae 
A  nguilla  rostrata 
Clupeidae 

Dorosoma  cepedianum 
Umbridae 
Umbra  pygmaea 
Esocidae 
Esox  americanus 
E.  niger 
Cyprinidae 
*Carassius  auratus 
Clinostomus  funduloides 

*C'yprinus  carpio 
Exoglossum  maxillingua 
Hybognathus  regius 
Nocomis  leptocephalus 
N.  raneyi 

Notemigonus  crysoleucas 
Notropis  albeolus 
N.  altipinnis 
N.  amoenus 
N.  analostanus 
N.  ardens 
N.  bifrenatus 
N.  cerasinus 
N.  chalybaeus 
N.  hudsonius 
N.  procne 
Phoxinus  oreas 
Rhinichthys  atratulus 
Semotilus  alromaculalus 
Catostomidae 
Catostomus  commersoni 
Erimyzon  oblongus 

Hypentelium  nigricans 
Moxostoma  anisurum 
M.  ariommum 
M.  cervinum 
M.  erythrurum 
M.  macrolepidotum 
M.  pappillosum 
M.  rhothoecum 


Coastal  Plain  stream.  Sweeney  (1972)  suggested  that 
the  preferred  habitat  is  ponds,  and  that  many  individ¬ 
uals  in  streams  may  be  expatriates  or  strays  spawned 
in  ponds.  We  have  not  been  able  to  verify  this  state¬ 
ment,  although  most  records  from  Maryland  north¬ 
ward  are  from  ponds  and  lakes.  In  the  unglaciated 
Carolinas  and  Georgia,  where  natural  ponds  and 
lakes  are  few,  nearly  all  collections  are  from  small  to 
large  streams,  although  probably  from  their  quiet, 
swampy  margins.  Collette  ( 1962)  listed  the  fishes  and 


the  general  relative  density  of  rooted  aquatic  plants  in 
the  Bay  Lakes  of  southeastern  North  Carolina.  E. 
chaetodon  was  recorded  in  one  lake  and  was  question¬ 
ably  present  in  another,  both  of  which  were  moder¬ 
ately  vegetated;  its  apparent  absence  in  the  other 
lakes  coincided  with  sparseness  or  lack  of  macro¬ 
phytes.  Louder  (1962)  stated  that  E.  chaetodon 
seemed  to  occupy  a  very  circumscribed  (but  unspeci¬ 
fied)  area  in  streams  of  the  Lumber  system,  North 
Carolina.  Enneacanthus  gloriosus  and/or  E.  obesus 
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TABLE  1  (cont.) 


Family 

Genus  species 

CHOWAN 

DISMAL  SWAMP 

Meherrir 

i  and/or  Nottoway 

Blackwater 

Coastal 

Plain 

Piedmont 

Fall 

Line 

Coastal 

Plain 

Coastal 

Plain 

Ictaluridae 

Ictalurus  catus 

- 

— 

— 

+ 

+ 

l.  natalis 

+ 

+ 

+ 

+ 

'  + 

/.  nebulosus 

+ 

+ 

+ 

+ 

-f 

I.  platycephalus 

+ 

- 

- 

- 

- 

*1.  punctatus 

- 

I 

1 

1 

— 

Noturus  gyrinus 

+ 

+ 

+ 

+ 

— 

N.  insignis 

+ 

+ 

+ 

- 

Amblyopsidae 

Cbologaster  cornula 

- 

- 

+ 

+ 

+ 

Aphredoderidae 

A  phredoderus  sayanus 

4- 

+ 

+ 

+ 

+ 

Cyprinodontidae 

Fundulus  diaphanus 

- 

- 

- 

- 

+ 

F.  lineolatus 

— 

+ 

+ 

+ 

- 

Poeciliidae 

Gambusia  affinis 

- 

+ 

+ 

Centrarchidae 

A  cantharcus  pomotis 

- 

+ 

+ 

+ 

+ 

Ambloplites  cavifrons 

+ 

+ 

- 

- 

- 

Centrarchus  macropterus 

+ 

+ 

.  ■  +  , 

+ 

+ 

Chaenobryttus  gut  os  us 

+ 

+ 

+  • 

+ 

+ 

Enneaeanthus  chaetodon 

- 

— 

- 

+ 

- 

E.  gloriosus 

+ 

+ 

+ 

+ 

+ 

E.  obesus 

- 

+ 

+ 

+ 

+ 

Lepomis  auritus 

+ 

+■ 

+ 

+ 

- 

*L.  cyanellus 

I 

- 

- 

- 

- 

L.  gibbosus 

+ 

+ 

+ 

+ 

*L.  macrochirus 

1 

I 

1 

I 

i 

*L.  mierolophus 

- 

- 

- 

i 

*Microplerus  dolomieui 

1 

I 

I 

- 

- 

M.  salmoides 

+ 

+ 

+, 

+ 

- 

*Pomoxis  annularis 

I 

I 

1 

- 

- 

P.  nigromaculatus 

+ 

+ 

+ 

+ 

+ 

Percidae 

Etheostoma  ftabellare 

.+ 

■ r  +; 

- 

- 

- 

E.  jusiforme 

+ 

+ 

+ 

+ 

+ 

E.  olmstedi 

+ 

+ 

+ 

+ 

— 

E.  serriferum 

11 1 

.+ 

+ 

E.  vitreum 

+ 

+ 

+  . 

+ 

Perea  flaoescens 

+ 

+ 

+ 

+ 

■ 

Percina  crassa  roanoka 

+ ' 

+ 

- 

+ 

- 

P.  peltata 

+ 

+ 

+ 

+ 

- 

P.  rex 

- 

+ 

- 

- 

- 

TOTALS  (excluding  introduced  spp.) 

by  column 

51 

49 

43 

41 

25 

by  province 

51 

49 

48 

total  Chowan;  Dismal 

69 

25 

total  native 

70 

were  reported  in  more  than  90%  of  the  North  Caro¬ 
lina  Commission  collections  of  E.  chaetodon,  with  E. 
gloriosus  occurring  slightly  more  often  than  E.  ob- 
esus.  E.  chaetodon  was  usually  taken  in  fewer  num¬ 
bers  than  E.  gloriosus  or  E.  obesus. 

Distribution 

E.  chaetodon  occurs  on  the  Coastal  Plain  of  the 
Atlantic  slope  from  the  lower  Raritan  drainage,  New 


Jersey  to  the  upper  St.  Johns  drainage,  Florida.  On 
the  Gulf  slope  it  inhabits  Okefenokee  Swamp  and  the 
upper  Alapaha  system  of  the  Suwannee  drainage, 
Georgia  (Fig.  1;  Records  section).  Bailey  (1941 )  and 
Sweeney  (1972)  noted  broad  gaps  in  this  range.  Swee¬ 
ney  showed  a  hiatus  consisting  of  the  entire  western 
Chesapeake  Bay  basin  and  south  to  the  Neuse  drain¬ 
age  of  central  North  Carolina.  Fie  questioned  the 
locality  data  with  an  old  specimen  supposedly  from 
Beaufort,  just  south  of  the  Neuse  estuary.  Collections 
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listed  herein,  mostly  recent  and  none  included  by 
Sweeney  (1972),  show  that  E.  chaetodon  is  in  the 
Neuse,  Tar,  and  Roanoke  drainages. 

Range  disjunction  and  population  localization  of 
E.  chaetodon  were  considered  by  Sweeney  (1972)  to 
have  ecological  and  prehistorical  geomorphic  bases, 
rather  than  to  be  entirely  the  result  of  biased  collec¬ 
tion,  and  we  agree. 

Based  on  sampling  effort  in  Virginia,  there  is  little 
question  that  E.  chaetodon  is  absent  or  quite  rare  in 
much  of  the  seemingly  suitable  habitat  in  the  south¬ 
eastern  part  of  that  state. 

The  North  Carolina  Wildlife  Resources  Commis¬ 
sion  conducted  an  intensive  statewide  stream  survey 
of  fishes  during  the  1960’s  (summary  by  Ratledge  et 
al.  1966;  Menhinick  et  al.  1974).  All  watersheds  were 
evenly  sampled,  with  collection  sites  determined  by  a 
grid  system,  using  similar  ichthyocide  techniques. 
The  Coastal  Plain  fresh  water  region  from  the  Tar 
drainage  northward  yielded  but  one  record  of  E. 
chaetodon  (Baker  and  Smith  1965)  from  some  250 
collections.  Southward,  E.  chaetodon  was  taken  in  5 
of  98  Coastal  Plain  Neuse  drainage  samples  (Bayless 
and  Smith  1962)  and  at  5  of  45  Northeast  Cape  Fear 
sites  (Bayless  1963).  Fifty-four  collections  from  mi¬ 
nor  Coastal  Plain  drainages  situated  between  the  lat¬ 
ter  two  drainages  yielded  no  records  (Davis  and 
McCoy  1965).  The  species  was  collected  at  only  16  of 
some  145  Coastal  Plain  sites  in  the  Cape  Fear  drain¬ 
age  (Louder  1 963 ).  It  appeared  to  approach  a  general 
distribution  only  in  the  Lumber  system  of  the  Peedee 
drainage,  where  it  was  taken  at  26  of  117  stations 
(Louder  1962). 

The  paucity  of  records  of  E.  chaetodon  for  the  ex¬ 
tensive  Coastal  Plain  region  of  Florida,  Georgia,  and 
outer  South  Carolina  is  most  peculiar  and  not  readily 
explained.  Collette  (1962)  noted  a  similar  distribu¬ 
tional  enigma  of  Chologaster  cornuta  in  this  region. 

The  absence  or  extirpation  of  E.  chaetodon  from 
many  watercourses  probably  reflects  submergences  of 
coastal  freshwaters  by  the  sea  during  Pleistocene  and 
Hypsithermal  Holocene  times,  particularly  in  the 
western  Chesapeake  basin  (Jenkins  et  al.  1972),  unde¬ 
tected  subtle  ecological  differences  from  occupied 
habitats,  and  possibly  competition  with  other  fishes 
such  as  small  centrarchids. 

Southeastern  Virginia  Ichthyofauna 

The  freshwater  ichthyofauna  of  southeastern  Vir¬ 
ginia,  south  of  the  James  River  drainage,  is  moderate 
in  number  of  species,  richer  than  those  of  drainages 
northward  and  smaller  than  those  of  several  major 
more  southern  regions  or  drainages  (Jenkins  et  al. 
1972;  Miller  1959;  Ramsey  1965).  The  faunal  lists 
(Table  1)  are  based  on  a  wide  survey,  and  probably 
very  few  species  remain  to  be  discovered  and  added 
to  the  total  of  70. 

The  faunas  of  the  Piedmont,  Fall  Line,  and  Coastal 
Plain  sections  of  the  Chowan  system  are  similar  in 
number  of  species,  51,  49,  and  47,  respectively.  The 
tallies  exclude  several  euryhaline  fishes  most  of  which 
enter  only  the  Coastal  Plain.  The  Piedmont  section  of 
the  Chowan  is  drained  by  the  upper  Meherrin  and 
Nottoway  rivers.  A  major  portion  of  the  Chowan 


Piedmont  fauna  consists,  in  addition  to  widespread 
species,  of  many  forms  characteristic  of  the  rich  and 
highly  distinctive  assemblage  of  the  upper  Roanoke 
drainage  proper,  in  the  Ridge  and  Valley,  Blue  Ridge, 
and  upper  Piedmont  provinces.  The  latter  fauna  was 
treated  by  Jenkins  et  al.  (1972)  and  Hambrick  and 
Jenkins  (unpublished). 

Several  upper  Roanoke  species  extend  in  the  Me¬ 
herrin  and  Nottoway  from  the  Piedmont  down  into, 
or  are  known  in  the  Chowan  only  from,  the  Fall  Line. 
The  Fall  Line  is  an  ecotonal  belt  of  varying  width 
(Giles  1918;  Thornbury  1965)  containing  stretches  of 
gradient  as  high  as  or  steeper  than  those  on  the  outer 
Piedmont,  and  interspersed  with  or  directly  suc¬ 
ceeded  by  low  gradient  Coastal  Plain  habitat.  The 
Chowan  Fall  Line  has  only  moderate  gradient  in¬ 
crements  and  apparently  lacks  falls.  Meherrin  River 
drops  0.9  m/km  through  the  12.9  km  long  Fall  Line 
(Douglas  Run  to  Metcalf  Branch),  and  Nottoway 
River  1.0  m/km  in  17.5  km  (Buckskin  Creek  to  Har¬ 
ris  Swamp).  The  Meherrin  on  the  outer  Piedmont 
(from  Totaro  Creek)  descends  0.4  m/km,  and  on  the 
Coastal  Plain  (to  N.C.  State  line)  0.3  m/km.  Respec¬ 
tive  gradients  of  the  Nottoway  are  0.4  (from  Waqua 
Creek)  and  0.2  m/km.  Some  upland  fishes  in  the  Fall 
Line  are  Exoglossum  maxillingua,  Nocomis  leptoceph- 
alus,  N.  raneyi,  Notropis  albeolus,  N.  ardens,  Hypente- 
lium  nigricans,  Moxostoma  cervinum,  Ambloplites  cav- 
ifrons,  Etheostoma  flabellare,  Percina  crassa  roanoka, 
P.  peltata,  and  P.  rex.  The  few  of  these  species  (Table 
1 )  that  penetrate  downstream  onto  the  Coastal  Plain 
do  so  apparently  only  to  a  limited  extent  in  the  Me¬ 
herrin  and/or  Nottoway,  and  some  are  localized  in 
the  middle  section  of  the  Blackwater  branch  of  the 
Chowan  Coastal  Plain.  Typical  Coastal  Plain  species 
that  extend  into  the  Fall  Line,  but  are  known  no 
farther  upstream,  are  Lepisosteus  osseus,  Umbra 
pygmaea,  Notropis  chalybaeus,  Fundulus  lineolatus, 
Gambusia  affinis,  Acantharcus  pomotis,  and  Ennea- 
canthus  obesus.  The  anadromus  sea  lamprey,  Pet- 
romyzon  marinus,  was  also  taken  only  in  the  Coastal 
Plain  and  Fall  Line.  The  two  species  now  known  in 
the  Chowan  only  from  the  Fall  Line  are  Notropis 
bifrenatus  (taken  in  three  collections  from  its  only 
known  Roanoke  drainage  locality,  in  part  Jenkins  and 
Zorach  1970)  and  Percina  rex  (an  apparently  declin¬ 
ing  endemic  of  the  drainage,  disjunct  from  the  upper 
Roanoke  population,  Hambrick  and  Jenkins,  unpub¬ 
lished). 

The  Piedmont  fauna  is  augmented  by  the  presence, 
just  above  the  Fall  Line,  of  forms  more  typical  of  and 
widespread  on  the  Coastal  Plain,  as  Esox  americanus, 
Noturus  gyrinus,  Aphredoderus  sayanus,  Centrarchus 
macropterus,  Enneacanthus  gloriosus,  Pomoxis  nigr- 
omaculatus,  Etheostoma  fusiforme,  and  E.  serriferum. 
Other  widely  distributed  forms  were  collected  in 
about  equal  relative  frequencies  on  the  outer  Pied¬ 
mont,  Fall  Line,  and  inner  Coastal  Plain,  these  being 
Anguilla  rostrata,  Notropis  analostanus,  N.  procne, 
Moxostoma  anisurum,  Lepomis  auritus,  L.  gibbosus, 
and  Etheostoma  olmstedi.  All  of  the  latter  group  ex¬ 
cept  E.  olmstedi  are  also  widespread  in  the  upper 
Roanoke. 

Since  the  Fall  Line  may  combine  Piedmont  and 
Coastal  Plain  habitats,  it  might  be  expected,  in  a 
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small  drainage  basin,  to  harbor  a  significantly  greater 
number  of  species  than  each  adjoining  province.  This 
was  not  found  in  the  Chowan.  Elements  of  the  typical 
faunas  of  the  Piedmont  and  Coastal  Plain  tend  to 
continue  blending  on  each  side  of  the  Fall  Line.  This 
reflects  a  frequent  paucity  of  discrete  ecological 
boundaries  and  physical  barriers  (e.g.  extensive  riffles 
as  an  impediment  to  species  of  Coastal  Plain  pools) 
and  the  presence  in  a  province  of  pockets  of  habitat 
similar  to  that  on  the  opposite  side  of  the  Fall  Line. 
Conversely,  the  Lall  Line  in  other  drainages,  such  as 
the  Potomac,  may  be  very  narrow,  include  several 
stretches  of  extreme  habitats  as  falls  and  cascades, 
and  contain  a  reduced  fauna. 

Dismal  Swamp  has  been  long  recognized  as  an 
interesting  or  unique  biotic  area  (Andrews  1971; 
Whitehead  1972).  However,  the  ichthyofauna  of  typi¬ 
cal  parts  of  the  Swamp  is  depauperate,  about  25  spe¬ 
cies  compared  with  47  in  the  Chowan  Coastal  Plain 
and  69  total  of  the  Chowan.  Some  parts  of  the 
Swamp  usually  also  support  few  aquatic  beetle  spe¬ 
cies  (Matta  1973).  A  summary  of  30  fish  collections 
from  waters  closely  adjacent  to  the  Swamp  (mostly 
from  the  Nansemond  system,  a  tributary  of  the 
James  River  estuary)  added  about  15  native  fresh¬ 
water  species  additional  to  those  listed  herein  from 
the  Swamp.  Of  five  fishes  ( Moxostoma  anisurum, 
Chologaster  cornuta,  Fundulus  lineolatus,  Micropterus 
s.  salmoides,  Etheostoma  serriferum)  that  apparently 
have  a  northern  terminus  of  their  Atlantic  slope 
range  just  northwest  of  the  Swamp,  only  C.  cornuta 
seems  established  in  the  Swamp  proper.  At  least  four 
of  the  five  extend  into  headwaters  of  the  Blackwater 
branch  of  the  Chowan. 

Faunal  differences  among  the  watersheds  of  south¬ 
eastern  Virginia  probably  relate  to  many  present  fac¬ 
tors  or  conditions  extant  during  earlier  stages  of  hy¬ 
drographic  development  of  the  region.  Matta  (1973) 
suggested  that  low  acidity  (often  pH  4-5)  in  Dismal 
Swamp,  effected  partly  by  accumulation  of  decompo¬ 
sition  products,  may  be  a  major  limiting  factor  for 
water  beetles.  The  same  is  possibly  true  for  fishes 
(Frey  1951;  Collette  1962).  The  Coastal  Plain  Cho¬ 
wan  also  has  poorly  drained  swamps  but  includes 
well  defined  natural  surface  channels  with  higher  flow 
rates  than  in  the  Swamp.  Thirteen  pH  values  for  the 
upper  Blackwater  range  6. 0-6. 8,  usually  6.4-6. 8. 
Habitats  containing  fishes  in  Dismal  Swamp  are 
rather  homogeneous  in  several  major  factors.  Overall 
the  Chowan  has  an  obvious  vastly  greater  habitat 
diversity,  for  in  addition  to  swamp  water  it  includes 
riffles  with  stony  substrates  in  the  Piedmont  and  Fall 
Line  and,  for  riverine  fishes,  large  streams  in  all  prov¬ 
inces.  Extensive  areas  of  current-swept  sandy  bottom 
are  also  present  in  the  Chowan.  Additionally  the  Cho¬ 
wan  lies  closer  to  rich  faunal  sources,  the  upper  Roa¬ 
noke  and  James  drainages,  than  does  Dismal  Swamp. 
Dismal  Swamp  is  youthful  (Whitehead  1972);  the 
Chowan  had  refugia  during  postglacial  times  of  sea 
level  rise.  The  application  of  a  general  tendency  for 
larger  areas,  the  Chowan  in  this  case,  to  contain  more 
species  than  smaller  areas  is  also  recognized. 
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Observations  on  Limnetic  Carbon  Assimilation  Rates  in  Moun¬ 
tain  Lake,  Virginia:  A  Correction 


The  first  observations  on  carbon  assimilation  rates 
of  limnetic  phytoplankton  in  Mountain  Lake  Vir¬ 
ginia  were  those  of  Simmons  and  Neff(!973).  Obeng- 
Asamoa  and  Parker  (1972),  in  completing  a  phyto¬ 
plankton  study  of  the  lake,  contributed  additional 
information  on  inorganic  carbon  uptake  by  the  lim¬ 
netic  phytoplankton  community.  More  recently,  in 
preparing  a  paper  on  the  trophic  state  of  Mountain 
Lake,  Parker  (in  press)  called  attention  to  an  error 
that  had  been  made  in  computing  the  area  under  two 
of  our  original  curves  (Simmons  and  Neff  1973,  Table 
1).  The  areas  were  recomputed  with  a  polar  plan- 
imeter  and  have  been  corrected.  The  original  and 
corrected  values  are  presented  in  Table  1. 

The  corrections  strengthen  the  data  and  do  not 
detract  from  our  original  conclusion  that  Mountain 
Lake  is  more  productive  than  other  evidence  would 
indicate.  Moreover,  the  corrected  values  still  lie 
above  Rodhe’s  (1958)  original  upper  boundary  of  100 
mg  C/m2/day  for  oligotrophic  lakes  during  the  grow¬ 
ing  season.  Perhaps  a  better  viewpoint  is  to  consider  a 
more  recent  interpretation  in  which  Rodhe  (1969) 
proposes  overlapping  ranges  in  the  autotrophic  con¬ 
tinuum  rather  than  fixed  “boundaries.”  He  also  envi¬ 
sions  the  transition  from  an  oligotrophic  to  an  eu- 
trophic  state  being  marked  by  an  intermediate  range 
of  mesotrophy  rather  than  by  a  given  figure  or  limit. 
Using  the  values  in  his  1 969  paper  (Table  2),  it  would 
appear  that  Mountain  Lake  is  certainly  entering  a 

TABLE  1 

Integrated  assimilation  rates  of  the  phytoplankton 
in  Mountain  Lake,  Virginia 


Date  Original  Value  Corrected  Value 

July  11,  1 966  226.6  mg  C/m2/day  296.7  mg  C/m2/day 

August  3,  1967  86.0  mg  C/m2/day  218.7  mg  C/m2/day 


TABLE  2 

Transition  in  carbon  assimilation  rates  from  oligotrophic  to  eutrophic 
states  (from  Rodhe  1969 ) 

AUTOTROPHY 
(phytoplankton)  • 

oligotrophic  eutrophic 

Mean  rates  in 

growing  season  30-100  300-1,000  1,500-3,000  mg  of  C/m2/day 

annual  rates  7-25  75-250  350-700  g  of  C/m2/year 


mesotrophic  state.  Additional  nutrient  input  would 
most  certainly  alter  the  trophic  equilibrium  (Hutchin¬ 
son  1973)  and  hasten  the  process  to  an  eutrophic 
condition. 
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News  and  Notes 


Mountain  Lake  Biological  Station 
Outstanding  Naturalist 

The  outstanding  naturalist  at  the  University  of  Vir¬ 
ginia's  Mt.  Lake  Biological  Station  was  recognized 
on  August  4,  1975.  Mr.  Joe  Lankalis,  a  high  school 
teacher  from  Coaldale,  Pennsylvania,  won  first  place. 
Second  and  third  places  went  to  Mr.  Jim  Ballard  of 
Vienna,  Virginia  and  Mr.  Paul  Marx  of  Chapel  Hill, 
North  Carolina.  Winners  received  cash  prizes  and  a 
certificate  from  the  University  made  possible  by  a  gift 
from  Mr.  Miles  Horton,  Jr.  The  event,  to  be  held 
annually  at  the  Biological  Station,  emphasizes  the 
recognition  and  biology  of  plants  and  animals  native 
to  the  Southern  Appalachians.  Over  30  contestants 
participated  in  the  event. 


AAAS  Project  on  the  Handicapped  in  Science 

The  American  Association  for  the  Advancement  of 
Science  has  officially  launched  its  Project  for  the 
Handicapped  in  Science.  The  purpose  of  this  initial 
project,  which  is  funded  by  the  Rehabilitation  Serv¬ 
ices  Administration  of  the  Department  of  Health, 
Education,  and  Welfare  through  the  George  Wash¬ 
ington  University  Rehabilitation  Research  and  Train¬ 
ing  Center  is  to  identify  and  explore  barriers  obstruct¬ 
ing  the  entry  and  full  participation  of  physically 
disabled  persons  to  education  and  employment  op¬ 


portunities  in  science.  Specifically,  the  project  will 
seek  to  examine  and  evaluate  ways  in  which  the  scien¬ 
tific  professional  associations  and  organizations  of 
and  for  the  handicapped  can  contribute  to  equal  op¬ 
portunities  in  science  careers. 

In  order  to  build  an  ongoing  and  realistic  program, 
the  AAAS  needs  the  expert  consultation  of  handi¬ 
capped  individuals  who  have  experienced  difficulties 
in  receiving  an  education  to  be  a  scientist  or  in  profes¬ 
sional  placement  because  of  their  handicap.  If  you 
are  a  disabled  scientist,  please  identify  yourself  to 
Martha  Redden,  Director,  Project  on  the  Handi¬ 
capped  in  Science,  Office  of  Opportunities  in  Science, 
AAAS,  1776  Massachusetts  Avenue,  N.  W.,  Wash¬ 
ington,  D.  C.  20036.  The  project  will  not  use,  without 
permission,  the  names  of  individual  scientists  who 
respond. 

Physically  disabled  scientists  are  encouraged  to  at¬ 
tend  the  Annual  Meeting  of  the  American  Associ¬ 
ation  for  the  Advancement  of  Science  in  Boston,  Feb¬ 
ruary  18-24,  1976.  The  AAAS  Office  of  Opportunities 
in  Science  is  working  with  the  AAAS  meetings  Office, 
Boston  hotels,  Rehabilitation  Agency  personnel  and 
other  interested  people  and  groups  in  the  Boston  area 
to  make  the  meeting  fully  accessible  to  people  who 
are  in  wheelchairs,  who  have  visual  or  auditory  dis¬ 
abilities  and  those  who  need  assistance  because  of 
other  disabilities.  For  information  and/or  sugges¬ 
tions,  please  contact  Martha  Redden  at  the  above 
address.  Tel.  (202)  467-4497. 
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Concentration  of  Coliform  Organisms  at  Freshwater  Surfaces 
and  their  Transfer  into  the  Atmosphere 


Abstract — Preliminary  investigations  of  several  freshwater  envi¬ 
ronments  reveal  that  presumptive,  confirmed  and  fecal  coliform  as 
well  as  other  organisms  are  frequently  at  higher  concentrations  in 
the  thin  film  of  surface  water  than  in  sub-surface  water.  When 
bubbles  of  gas  rise  to  the  surfaces  of  these  environments  and  burst, 
at  least  a  part  of  the  microbial  community  near  the  bubbles  may  be 
transferred  to  the  atmosphere. 


Introduction 

A  considerable  amount  of  literature  has  ac¬ 
cumulated  dealing  with  airborne  microorganisms 
(i.e.,  bacteria,  algae,  fungi,  and  protozoa),  while  a 
second  body  of  literature  concerns  microbial  aerosols 
from  various  waste  treatment  processes  (Adams  and 
Spendlove  1970;  Albrecht  1958;  Goff,  et  al.  1973; 
Mahoney  1968;  Randall  and  Ledbetter  1966).  While 
it  is  recognized  in  the  latter  body  of  literature,  though 
not  in  the  former,  that  airborne  microorganisms  may 
in  part  come  from  a  water-to-air  transfer,  there  ap¬ 
pears  to  be  little  attention  paid  to  the  mechanisms  of 
concentration  of  microorganisms  at  the  water  surface 
and  their  transfer  to  the  air  above. 

Hatcher  and  Parker  ( 1974a, b,c)  and  Parker  and 
Hatcher  (1974)  have  established  that  significantly 
higher  concentrations  of  bacteria,  fungi,  algae  and 
various  chemical  substances  frequently  occur  in  the 
upper  20-100  pm  of  freshwater  environments,  hence¬ 
forth  to  be  called  the  microlayer,  than  in  subsurface 
water.  There  is  excellent  supporting  evidence  from 
marine  microlayer  studies  as  well  as  from  freshwater 
laboratory  studies  to  show  that  a  major  mechanism 
of  concentration  in  microlayers  is  the  selective  ad¬ 
sorption  of  cells,  particulates,  and  dissolved  matter 
on  the  surfaces  of  rising  bubbles  of  gas  (i.e.,  adsubble 
processes)  (Blanchard  and  Parker,  in  press).  The 
mechanism(s)  of  transfer  of  microorganisms,  organic 
and  inorganic  matter  adsorbed  on  the  bubbles  or 
already  concentrated  in  freshwater  microlayers  also 
involve(s)  the  production  of  aquatic  aerosols  from 

1  Present  address:  Dames  and  Moore,  1150  W.  8th  St.,  Cincin¬ 
nati,  Ohio  45203 
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the  energy  of  the  bursting  gas  bubbles.  Film  drops  or 
larger  jet  drops  may  be  produced,  depending  on 
bubble  size  (Blanchard  and  Parker,  in  press ;  Blan¬ 
chard  and  Syzdek  1972).  Schlichting  (1974)  reported 
water-to-air  transfer  of  algae  by  bursting  bubbles  in 
both  algal  cultures  and  aerated  store  aquaria  and 
speculated  on  the  probable  spread  of  pathogenic  bac¬ 
teria  and  viruses  by  ejection  from  bursting  bubbles  in 
sewage  aeration  tanks,  trickling  filters,  or  fouled 
home  aquaria. 

In  this  paper  we  report  field  data  demonstrating 
that  (a)  coliform  bacteria  and  other  microorganisms 
are  often  concentrated  in  freshwater  microlayers,  and 
(b)  water-to-air  transfer  of  microorganisms  occurs  in 
natural  waters,  especially  those  receiving  artificial  ae¬ 
ration. 

Materials  and  Methods 

The  aquatic  environments  used  in  this  study  in¬ 
cluded:  a  mesotrophic  farm  pond  in  Blacksburg; 
Clayton  Lake,  an  impoundment  of  the  New  River 
approaching  a  eutrophic  stage;  and  an  unaerated 
waste  oxidation  pond  in  Merrimac,  Virginia.  These 
ecosystems  have  been  described  previously  (Hatcher 
and  Parker  1974a, b,c;  Parker  and  Hatcher  1974).  A 
fourth  aquatic  environment  was  Occoquan  Reservoir 
near  Manassas,  Virginia,  a  highly  eutrophic  im¬ 
poundment  receiving  treated  waste  from  a  number  of 
upstream  communities.  Approximately  0.25  hectare 
of  this  reservoir  receives  continuous  aeration  immedi¬ 
ately  behind  Occoquan  Dam,  the  location  of  the 
aerosol  studies  reported  here. 

Surface  microlayer  water  was  collected  both  by  a 
glass  plate  (Hatcher  and  Parker  1974b;  Harvey  and 
Burzell  1972)  and  a  rotating  drum  (Hatcher  and 
Parker  1974b;  Harvey  1966).  Subsurface  water  was 
collected  by  inverting  a  bottle  at  10  cm  depth  until  it 
filled  with  water. 

Aerosols  were  collected  on  100  mm  Petri  plates 
suspended  6  cm  above  the  water  on  an  aluminum 
rack  attached  to  an  inverted  polystyrene  ice  chest. 
The  inverted  plates  were  exposed  to  both  artificially 
aerated  and  nonaerated  water  surfaces  for  15-minute 
periods,  then  sealed  and  returned  to  the  laboratory 
for  incubation. 
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TABLE  1 

Number  of  coliform  bacteria  per  ml  of  drum-collected  microlayer 
and  subsurface  (10  cm)  water  from  3  aquatic  ecosystems  determined 
via  spread-plating  on  desoxycholate  agar  and  incubation  at  37°  C 
up  to  48  hours 


Dates: 

Farm  Pond,  Blacksburg,  Virginia 
10-28-71  11-18-71  3-30-72 

5-4-72 

Microlayer 

3,600 

15  10 

440 

Subsurface 

10 

10  * 

33 

Claytor 

Lake,  Virginia 

Dates: 

10-7-71 

1 1-4-71  11-23-71 

5-11-72 

Microlayer 

300 

25  * 

330 

Subsurface 

50 

65  20 

80 

Oxidation  Pond,  Merrimac,  Virginia 

Dates: 

9-23-71 

10-14-71  4-20-72 

5-18-72 

Microlayer 

40,000 

60,000  1,800 

50,000 

Subsurface 

20,000 

20,000  1,200 

* 

*  No  detectable  growth 


The  following  media  were  used: 

(1)  the  15  tube  Most  Probable  Number  method  for 
coliform  bacteria;  (APHA  1971) 

(2)  Desoxycholate  (Difco)  and  Eosin  Methylene 
Blue  (Difco)  agar  for  presumptive  coliform  or¬ 
ganisms; 

(3)  Pond  Water  Agar  [1  g  Proteose  Peptone  (Difco), 
1  g  Yeast  Extract  (Difco),  500  ml  filtered  pond 
water,  500  ml  distilled  water,  and  15  g  agar 
(Difco)]; 

(4)  for  algae,  Chu  10.  (Chu  1942) 

Results  and  Discussions 

Table  1  illustrates  that  10  out  of  12  pairs  of  samples 
from  three  different  aquatic  environments  and  on 
different  dates  had  greater  numbers  of  presumptive 
coliform  bacteria  in  the  microlayer  than  in  the  sub¬ 
surface.  Table  2  illustrates  that  the  microlayer  con¬ 
tained  greater  numbers  of  presumptive  coliforms  on 
all  three  occasions  and  greater  numbers  of  confirmed 
and  fecal  coliforms  on  two  of  three  occasions.  Table  3 
shows  for  Occoquan  Reservoir  that,  while  confirmed 
coliform  numbers  were  at  least  as  great  in  the  micro¬ 
layer  as  in  the  subsurface  water,  fecal  coliform  num¬ 
bers  were  higher  in  the  microlayer  at  all  three  sites. 


TABLE  2 

Most  Probable  Numbers  (MPN)  of  presumptive,  confirmed,  and 
fecal  coliform  bacteria  per  100  ml  of  plate-collected  microlayer 
and  subsurface  (10  cm)  water  from  3  aquatic  ecosystems 


TABLE  3 

Most  Probable  Numbers  (MPN)  of  confirmed  and  fecal  coliforms 
per  100  ml  of  plate-collected  microlayer  and  subsurface  (10  cm) 
water  from  aerated  and  nonaerated  sites  at  Occoquan  Reservoir, 
Virginia,  8-22-73 


Sites: 

Occoquan  Reservoir,  Virginia,  8-22-73 

1  (aerated)  9  (nonaerated)  11  (nonaerated) 

Confirmed  Fecal  Confirmed  Fecal  Confirmed  Fecal 

Microlayer 

Subsurface 

1,600  79  >  2,400  1,600  2,400  1,600 

540  21  >  2,400  920  2,400  920 

In  two  separate  experiments  at  Clay  tor  Lake  and 
Occoquan  Reservoir  in  each  of  which  10  microlayer 
and  subsurface  samples  were  taken  at  arbitrarily  se¬ 
lected  locations,  all  data  showed  that  the  numbers  of 
confirmed  and  fecal  coliforms  were  at  least  as  great  in 
the  microlayers  as  at  10  cm  depth  (Table  4). 
However,  while  the  means  of  the  10  random  samples, 
each  from  different  locations  on  the  lakes,  also 
showed  higher  values  for  microlayers,  standard  de¬ 
viations  were  extremely  high,  and  the  differences  were 
not  statistically  significant. 

The  data  in  Table  5  confirm  that  large  numbers  of 
bacteria,  fungi,  algae,  including  coliform  organisms, 
are  readily  ejected  into  the  atmosphere  by  bursting 
air  bubbles  at  the  aerated  surface  of  Occoquan  Reser¬ 
voir.  The  right  column  shows  an  estimate  of  the  total 
daily  production  of  microbial  aerosols  from  this  res¬ 
ervoir,  which  possesses  approximately  0.25  hectare  of 
artificially  aerated  surface.  A  60-minute  aerosol  ex¬ 
periment,  carried  out  upstream  in  a  nonaerated  tri¬ 
butary  of  Occoquan  Reservoir  known  to  possess 
anaerobic  muds,  produced  a  small  number  of  colo¬ 
nies  on  agar  plates.  These  consisted  of  coliform  and 
noncoliform  bacteria,  and  one  green  alga.  However, 
as  the  gas  bubbles  (probably  methane)  in  this  stretch 
of  the  river  were  produced  in  a  nonpredictable  pat¬ 
tern,  it  was  purely  a  matter  of  chance  that  the  poly¬ 
styrene  apparatus  with  plates  totalling  about  800  cm2 
of  agar  surface  was  poised  over  an  area  of  bursting 
bubbles.  Wide  variation  in  production  of  aerosols 


TABLE  4 

Means  (x)  and  standard  deviations  (s)  for  Most  Probable  Numbers 
of  confirmed  and  fecal  coliforms  per  100  ml  of  plate-collected 
microlayer  and  subsurface  (10  cm)  water  from  10  nonaerated  sites 
picked  randomly  at  Claytor  Lake  (8-4-73)  and  Occoquan  Reservoir 
(7-31-73),  Virginia  (values  >  10  rounded  to  whole  numbers ) 


Mountain  Lake,  Giles  County,  Virginia,  5- 
Test:  Presumptive  Confirmed 

-26-73 

Fecal 

Microlayer 

33 

33 

33 

Subsurface 

4 

4 

0 

Mountain  Lake  6-2-73 

Microlayer 

79 

23 

2 

Subsurface 

49 

33 

23 

Claytor  Lake, 

Virginia  6-2-73 

Micro  layer 

>  2,400 

>  2,400 

1,600 

Subsurface 

79 

79 

79 

Confirmed  Fecal 


Range 

x 

» 

Range 

X 

s 

Claytor  Lake 

Microlayer 

0-49 

14 

19 

0-12 

1.7 

3.9 

Subsurface 

0-33 

7.3 

12 

0-10 

1.4 

3.3 

Occoquan  Res. 

Microlayer 

0-1600 

221 

512 

0-350 

40 

110 

Subsurface 

0-32 

6.2 

13 

0-6 

0.6 

1.9 
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TABLE  5 

Number  of  culturable  microorganisms  recovered  on  various  agar 
media  6  cm  above  the  aerated  surface  of  Occoquan  Reservoir, 
Virginia  7-31-73  (See  text  for  details ) 


Colonies/hr/plate 

x 

x/o.25 
hectare/ 
day  X  106 

Eosin  Methylene  Blue  Agar 
(total  coliform) 

24,  32,  32 

29.3 

22.32 

Pond  Water  Agar 
(total  bacteria) 

240,180,  160 

193.3 

147.84 

Chu  1 0  (algae,  a  &  fungi,. f) 

48 f,  14a;  48f,  32a; 
42  f,  28a 

46f,24.7a 

35.28f, 

18.96a 

over  an  area  of  water  is  also  implied  by  the  standard 
deviations  given  in  Table  4. 

Our  data  reveal  that  coliform  organisms  are  fre¬ 
quently  concentrated  in  freshwater  microlayers, 
sometimes  reaching  densities  which  are  one  or  more 
orders  of  magnitude  greater  than  those  of  the  sub¬ 
surface  water.  These  findings  are  consistent  with  our 
more  extensive  data  on  algae,  fungi,  total  bacteria, 
inorganic  and  organic  substances  (Hatcher  and 
Parker  1974a,b,c;  Parker  and  Hatcher  1974).  Though 
it  has  not  yet  been  proven,  viruses  may  also  be  con¬ 
centrated  in  surface  freshwater  microlayers.  These 
data  further  show  that  microorganisms  are  appar¬ 
ently  transferred  from  microlayer  to  atmosphere  by 
bursting  bubbles,  the  mechanism  of  which  has  been 
discussed  in  detail  (Blanchard  and  Parker,  in  press ; 
Blanchard  and  Syzdek  1972).  Our  results  from  Occo¬ 
quan  Reservoir  indicate  that,  while  the  water-to-air 
transfer  of  microorganisms  is  accelerated  by  artificial 
aeration,  at  least  some  unaerated  aquatic  environ¬ 
ments  may  produce  gas  bubbles  which  may  cause 
microbial  aerosols.  Because  of  the  observed  hetero¬ 
geneity  of  surface  slicks,  it  is  not  surprising  that  there 
are  great  variations  in  microlayer  composition  within 
a  single  aquatic  environment. 

A  reasonable  probability  exists  that  water-borne 
pathogens  may  constitute  a  part  of  the  total  aerosol, 
as  has  been  shown  for  various  waste  treatment  proc¬ 
esses  (Adams  and  Spendlove  1970;  Albrecht  1958; 
Goff,  et  al.  1973;  Mahoney  1968;  Randall  and  Led¬ 
better  1966).  This  probability  becomes  even  greater 
when  one  considers  the  evidence  that  enteric  path¬ 


ogens,  such  as  Salmonella  typhimurium  and  other 
coliform  organisms  may  multiply  in  organic-rich 
river  water  (EPA  1972). 
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Population  Density  and  Attitudes 
Toward  Population  Control 


Abstract — Does  population  density  influence  attitudes  toward 
population  control  or  the  tendency  to  perceive  population  prob¬ 
lems  somewhat  abstractly?  In  the  first  study  the  Population  Opin¬ 
ion  Poll  (POP),  an  attitude  scale  designed  to  measure  attitudes 
toward  population  control,  was  administered  to  155  community 
college  students  from  three  regions  of  Virginia  differing  greatly  in 
population  density.  Estimates  of  the  extent  to  which  subjects  per¬ 
ceived  population  problems  abstractly  were  obtained  by  analyzing 
a  few  POP  items  known  collectively  as  the  abstraction  index.  The 
second  study  was  much  like  the  first  except  that  subjects  were  also 
measured  on  socio-economic  status  and  data  were  obtained  from 
248  subjects  representing  four  schools.  Results  showed  that  popu¬ 
lation  density  had  no  effect  on  POP  scores  or  on  abstraction  index 
scores  in  either  study. 


It  seems  reasonable  to  think  that  a  person’s  atti¬ 
tude  toward  the  environment  would  be  influenced  by 
the  kind  of  environment  in  which  he  lived.  On  the 
other  hand,  we  are  told  that  “It  is  a  strange  fact  in  the 
history  of  psychology  that  relatively  little  effort  has 
been  devoted  directly  to  finding  out  how,  or  even  if, 
people  perceive  the  full-scale  environments  within 
which  they  live”  (Ittelson,  et  al.  1974,  p.  102). 

A  more  specific  issue  is  that  of  the  perception  of 
population  density  and  its  effect  on  attitudes  toward 
population  control.  Barnett  (1972  a)  found  that  city 
size  was  unrelated  to  attitudes  toward  population 
control,  where  city  size  was  divided  into  six  categories 
ranging  from  under  2,500  to  over  1,000,000. 

Barnett  (1972  b)  also  found  that  a  rural  ideal,  de¬ 
fined  as  “the  strong  desire  to  live  in  areas  of  low 
population  density”  (p.  235),  is  slightly  more  likely  to 
characterize  those  living  in  less  populated  areas,  and 
that  in  the  South  those  with  a  rural  ideal  were  less 
likely  to  favor  population  control  than  those  with  an 
urban  ideal.  Sweet  (1974)  found  that  the  standardized 
fertility  rate  was  higher  for  rural  than  for  urban  sub¬ 
jects.  Since  the  number  of  expected  children  is  posi¬ 
tively  related  to  the  actual  number  of  children  born 
(Westoff,  Mishler,  &  Kelly  1959;  Westoff,  et  al.  1963) 
and  since  Fischer  (1972)  and  McCutcheon  (1974) 
have  shown  that  number  of  expected  children  is  nega¬ 
tively  related  to  attitudes  favoring  population  con- 
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trol,  then  Sweet’s  data  suggest  that  individuals  living 
in  sparsely  populated  areas  would  be  less  likely  to 
favor  population  control. 

On  the  other  hand,  McCutcheon  and  Vick  (Note) 
have  shown  that  black  college  students  in  a 
moderately  populated  area  are  more  favorably  in¬ 
clined  toward  population  control  than  black  students 
living  in  a  densely  populated  area.  It  remains  to  be 
seen  if  population  density  has  any  effect  on  the  atti¬ 
tudes  of  predominantly  white  subjects  toward  popu¬ 
lation  control. 

A  second  issue  examined  here  is  that  of  the  abstract 
perception  of  the  population  problem  and  its  possible 
relationship  to  population  density.  Results  of  several 
studies  (Barnett  1970;  Buckhout  1972;  Crawford 
1973;  Fischer  1971;  McCutcheon  &  Vick,  Note  ) 
show  that  Americans  are  generally  aware  that  a  pop¬ 
ulation  problem  exists,  but  are  reluctant  to  accept 
personal  responsibility  for  it.  There  is  practically  no 
evidence  linking  this  tendency  to  perceive  the  popu¬ 
lation  problem  abstractly,  with  the  population  den¬ 
sity  of  respondents.  Barnett  (1970)  has  demonstrated 
that  the  population  problem  is  perceived  abstractly  in 
a  small,  isolated  community,  and  McCutcheon  and 
Vick  (Note)  have  done  the  same  in  a  densely  popu¬ 
lated  metropolitan  area,  but  the  measures  used  were 
not  directly  comparable.  The  purpose  of  the  present 
studies  is  to  compare  college  students  from  areas  of 
different  population  density  on  attitudes  toward  pop¬ 
ulation  control  and  the  tendency  to  perceive  the  pop¬ 
ulation  problem  abstractly. 

Study  1 

Methods:  The  subjects  were  155  college  students 
from  Virginia,  58  from  a  college  located  in  Fairfax 
County  and  designated  as  NVCC,  56  from  a  college 
in  Frederick  County  designated  LFCC  and  41  from  a 
school  in  Alleghany  County  designated  as  DLCC. 
The  overwhelming  majority  of  these  subjects  resided 
within  a  few  miles  of  their  respective  colleges.  In  1970 
the  populations  per  square  mile  in  these  three  coun¬ 
ties  were  1,140.4,  71.3,  and  28.1,  respectively.  The 
samples  were  not  significantly  different  with  respect 
to  age  or  number  of  children  expected  (see  Table  1). 
Subjects  were  classified  by  political  preference  as  ei¬ 
ther  Democrats,  Republicans  or  having  no  party 
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preferences.  A  chi-square  analysis  revealed  a  signifi¬ 
cant  difference  among  groups  (x2  =  9.79,  df  =  4,  P< 
.05).  Republicans  were  underrepresented  at  NVCC 
and  overrepresented  at  LFCC.  A  trichotomy  was 
established  for  religious  preference,  with  the  cate¬ 
gories  being  Protestant,  Catholic,  and  no  preference. 
A  chi-square  test  revealed  a  significant  difference 
among  groups  (x2  =  9.89,  df  =  4,  P  C.05).  Further 
inspection  showed  that  those  with  no  expressed  pref¬ 
erence  were  underrepresented  at  DLCC  and  over¬ 
represented  at  LFCC. 

All  subjects  filled  out  the  Population  Opinion  Poll 
(POP),  a  thirty-item,  Likert-type,  attitude  scale  de¬ 
signed  to  measure  attitudes  toward  population  con¬ 
trol  (McCutcheon  1974).  High  scores  represent  atti¬ 
tudes  favorable  to  population  control.  The  POP  was 
administered  to  various  psychology  classes  by  the 
regular  class  instructor.  The  first  page  asked  for  much 
of  the  data  mentioned  in  the  previous  section.  Ab¬ 
straction  index  scores  were  computed  by  comparing 
the  scores  from  four  subjectively  chosen  POP  items 
acknowledging  the  fact  that  there  is  a  population 
problem  with  four  subjectively  chosen  items  sugges¬ 
ting  that  action  be  taken  (McCutcheon  &  Vick, 
Note).  High  positive  scores  indicate  a  tendency  to 
view  the  population  problem  abstractly. 

Results:  F-test  comparisons  of  POP  attitude  scores 
and  abstraction  index  scores  for  the  three  samples 
showed  no  significant  differences.  Table  1  shows  the 
mean  scores. 

McCutcheon  (1974)  has  shown  no  significant  dif¬ 
ference  on  POP  scores  among  Republicans,  Demo¬ 
crats,  and  those  with  no  party  preference,  although 
Republicans  scored  about  ten  points  below  the  other 
two  groups.  If  the  three  groups  had  been  equated 
on  political  preference  the  most  likely  result  would 
have  been  a  one  or  two  point  reduction  in  the  mean 
for  NVCC  and  a  one  or  two  point  increase  in  the 
mean  for  LFCC,  McCutcheon  (1974)  has  also 
demonstrated  a  nonsignificant  difference  among 
Protestants,  Catholics  and  those  with  no  religious 
preference,  although  the  latter  group  averaged  about 
nine  points  higher.  Had  the  groups  been  equated  on 
religious  preference  the  most  likely  result  would  have 
been  no  more  than  a  one  or  two  point  increase  for 
DLCC  and  a  similar  increase  for  LFCC.  The  end 
result  would  most  likely  have  been  that  attitudinal 
differences  would  remain  nonsignificant.  Abstraction 
index  scores  were  found  to  be  unrelated  to  age  in  all 
three  samples.  There  was  no  significant  difference  on 
index  scores  among  individuals  differing  on  religious 
and  political  preference. 

It  is  tempting  to  conclude  that  population  density 
has  no  effect  either  on  attitudes  of  community  college 
students  toward  population  control  or  on  the  ten¬ 
dency  to  view  population  problems  abstractly.  On  the 
other  hand,  the  difference  on  POP  scores  approached 
the  .05  significance  level,  and  given  the  possibility 
that  sample  differences  in  religious  preference  might 
have  widened  the  gap  in  means,  it  is  at  least  remotely 
possible  that  population  density  is  an  important  de¬ 
terminant  of  population-related  attitudes.  In  addi¬ 
tion,  social  class  was  not  controlled  in  Study  One,  so 
for  these  reasons  it  was  decided  to  conduct  a  second 
study. 


TABLE  1 

Mean  Scores  on  Four  Variables  Categorized  by  Study 


Group 

POP 

Abstraction 

Index 

Age 

No.  Children 
Expected 

Study  1 

DLCC 

150.29 

6.97 

21.61 

2.42 

LFCC 

140.21 

6.14 

23.68 

2.02 

NVCC 

149.09 

5.67 

23.59 

2.30 

Study  2 

DLCC 

152.62 

5.31 

19.73* 

1.58 

LFCC 

144.39 

5.45 

24.69 

2.03 

GCC 

145.04 

6.53 

23.02 

1.66 

NVCC 

149.11 

5.94 

25.55 

2.06 

*  P  <  .02 


Study  2 

Method:  The  subjects  were  248  community  college 
students  from  the  state  of  Virginia,  64  from  NVCC, 
85  from  LFCC,  26  from  DLCC,  and  73  from  a  school 
located  near  the  border  of  Spotsylvania  and  Stafford 
Counties  designated  as  GCC.  The  populations  per 
square  mile  in  these  two  counties  were  40.2  and  91.1 
respectively.  Following  a  significant  F-test  a  series  of 
t-tests  revealed  that  the  sample  from  DLCC  was  sig¬ 
nificantly  younger  than  the  others  (P<  .02).  The  sam¬ 
ples  did  not  differ  significantly  with  respect  to  num¬ 
ber  of  children  expected  or  political  party  preference. 
Subjects  did  differ  on  religious  preference,  however 
(x2  =  27.64,  df  =  6,  P  < .005),  with  DLCC  reporting 
fewer  subjects  in  the  no  preference  category.  “Highest 
educational  level  completed  by  father”  was  used  as  a 
measure  of  socioeconomic  status.  Means  were  13.25, 
11.65,  11.90,  and  12.31  respectively  (F  =  2.34,  df  = 
3/215,  NS). 

Results:  F-test  comparisons  of  POP  scores  and  ab¬ 
straction  index  scores  revealed  no  significant  differen¬ 
ces.  Table  1  shows  the  mean  scores. 

Since  age  has  previously  been  found  to  be  non- 
significantly  but  negatively  related  to  POP  scores  the 
net  effect  of  an  attempt  to  equate  subjects  on  age 
should  result  either  in  no  change  at  all  or  in  a  slight 
reduction  in  the  POP  score  mean  for  DLCC.  This 
would  further  reduce  the  probability  of  obtaining  a 
significant  POP  score  difference.  On  the  other  hand, 
the  fact  that  DLCC  subjects  were  less  likely  to  report 
no  religious  preference  would  be  likely  to  raise  scores 
slightly  if  an  attempt  were  made  to  equate  subjects  on 
religious  preference.  The  net  effect  would  not  be 
likely  to  change  the  nonsignificant  results  obtained  in 
the  second  study.  Since  the  results  of  the  first  study 
showed  that  abstraction  index  scores  were  unrelated 
to  age,  religious  preference,  and  political  party  pref¬ 
erence,  and  results  from  the  second  study  indicate  no 
significant  relationship  between  socioeconomic  status 
and  abstraction  index  scores  (r  —  —.01,  df  =  58),  it 
seems  unlikely  that  population  density  has  any  effect 
on  the  latter. 

Conclusions 

It  would  appear  that  community  college  students, 
at  least,  do  not  form  their  attitudes  toward 
population  control  by  looking  at  the  population  den- 
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sity  of  the  environment  in  which  they  live.  Perhaps 
they  form  population-related  attitudes  primarily  on 
the  basis  of  family  background  variables,  coupled 
with  what  they  read  or  hear  about  the  topic.  Would 
attempts  to  persuade  people  that  population  control 
is  necessary,  be  successful  if  population  density  was 
stressed?  Should  persuasive  communication  empha¬ 
size  a  comparison  of  the  population  changes  occur¬ 
ring  in  regions  of  rapidly  expanding  population?  The 
present  research,  employing  a  fairly  broad  sample, 
suggests  that  attitudes  toward  population  control  are 
not  influenced  by  population  density.  Is  this  because 
people  have  generally  failed  to  link  concepfually  an 
increasing  population  with  its  accompanying  prob¬ 
lems,  or  because  having  done  so,  they  remain  unim¬ 
pressed?  Data  generated  from  the  use  of  the  abstrac¬ 
tion  index  suggest  the  former,  but  in  the  main  the 
answer  would  seem  to  necessitate  further  research. 
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Phytoplankton  Species  Composition  in  the  Lafayette  River 
Estuary,  Norfolk,  Virginia,  1971-1972 


Abstract — Water  bottle  samples  were  taken  twice  a  month  from 
two  sites  in  the  Lafayette  River,  from  March  1971  through  Febru¬ 
ary  1972.  Phytoplankton  were  identified  to  species  level,  and  a 
volume  of  the  sample  was  counted  to  determine  concentrations  in 
cells  per  liter. 

The  diatom  Skeletonema  costatum  dominated  the  population 
near  the  mouth  of  the  river  through  much  of  the  year.  The  species 
was  co-dominant  with  flagellate  forms,  such  as  Gymnodinium,  Am- 
phidinium,  and  Thalassiomonas,  in  the  reduced  salinity  of  the  up¬ 
stream  station.  Forms  of  Cyclotella  and  Melosira  were  believed  to 
be  important  as  well.  The  general  successional  pattern  was  bi- 
modal  with  high  production  in  spring  and  summer,  but  the  popu¬ 
lation  varied  in  species  composition  and  in  total  numbers  between 
the  two  sites. 


Introduction 

The  Lafayette  River  (Fig.  1)  was  selected  as  a 
suitable  site  for  study  because  of  its  accessibility  and 
compactness.  It  is  not,  in  fact,  a  true  river,  but  repre¬ 
sents  an  elongated  estuary  under  tidal  influence 
throughout  its  length.  The  fresh  water  input  of  the 
river  is  from  rainfall  and  runoff  from  the  city  of 
Norfolk. 

Much  of  the  shore  is  developed  residentially,  with 
land  fill  fairly  common  in  new  and  old  construction. 
Several  marinas  are  located  either  on  the  waterway  or 
in  one  of  the  inlets  off  the  main  portion  of  the  river. 
There  is  a  sewage  treatment  plant  of  19-31  million 
gallons  per  day  (Montgomery  1972)  near  the  mouth 
of  the  river.  The  mean  depth  is  1.1  meter  (Mont¬ 
gomery  1972),  and  a  channel  with  2  meter  controlling 
depth  extends  from  the  Elizabeth  River  channel  to 
the  Granby  Street  Bridge. 

Little  work  has  been  done  on  the  phytoplankton  of 
the  Lafayette  River  (Marshall  1968  and  Golub  1972). 
More  work  has  been  done  in  the  Elizabeth  River  and 
Hampton  Roads  by  Marshall  (1967a,  1967b,  1968) 
and  in  the  Chesapeake  Bay  by  Fogg  (1965),  Mulford 
(1963),  Pattern,  et  al.  (1963),  and  Whaley  and  Taylor 
(1968).  Several  older  studies  such  as  those  by  Cowles 
(1930)  and  Wolfe,  et  al.  (1926)  were  also  done  in  the 
Chesapeake  Bay.  Recently,  chemical  and  physical 
data  have  been  obtained  by  Montgomery  (1972)  and 
White  (1971)  supplementing  work  done  by  Pritchard 
(1952)  on  the  James  River  Basin. 
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The  purpose  of  the  study  was  to  determine  the 
composition  and  successional  patterns  of  the  phyto¬ 
plankton  in  the  Lafayette  River  and  to  correlate  them 
with  environmental  parameters. 

Methods  and  Materials 

Samples  were  taken  with  a  Kemmerer  water  bottle 
twice  a  month  at  the  same  time  of  day  from  March, 
1971  through  February,  1972,  from  a  boat  in  mid¬ 
channel.  Water  was  obtained  from  one  meter  below 
the  surface  and  one  meter  above  the  bottom  at  each 
of  two  sites  (Fig.  1).  500  ml  of  each  sample  was 
preserved  immediately  with  40  ml  of  10%  buffered 
formalin.  Water  temperature  was  obtained  con¬ 
currently  with  a  reversing  thermometer,  and  the  sa¬ 
linity  of  each  station  was  determined  with  a  G&M 
Manufacturing  hydrometer-type  field  salinity  kit.  An 
indication  of  turbidity  was  obtained  by  use  of  a  Sec- 
chi  disk.  The  500  ml  phytoplankton  sample  was  al¬ 
lowed  to  settle  at  the  laboratory  and  the  supernatant 
siphoned  to  a  final  concentration  of  40  ml.  An  aliquot 
of  0.125  ml  was  settled  in  a  Zeiss  chamber  and 
counted  using  a  Zeiss  Inverted  Plankton  Counting 
microscope  at  350x.  These  counts  were  multiplied  by 
658  to  obtain  counts  in  cells/liter.  Nutrient  data 
which  were  used  in  the  evaluation  were  obtained 
from  Montgomery  (1972  and  pers.  comm.)  who  was 
sampling  for  nitrate  and  phosphate  levels  during  the 
same  time  period  at  sites  nearby. 

Station  1  (Fig.  1 )  was  located  near  the  mouth  of  the 
estuary.  The  water  depth  in  the  channel  at  this  site 
ranged  from  4.5  to  5.75  m.  The  water  depth  on  each 
side  of  the  channel  was  approximately  one  meter  and 
the  bottom  composed  of  fine,  dark  mud  overlying 
sand. 

Station  2  was  located  at  the  upper  end  of  the  chan¬ 
nel,  and  depth  at  this  site  was  3.9  to  5.5  m.  Tidal  flow 
and  bottom  composition  were  approximately  the 
same  as  those  at  station  1,  although  the  water  was 
generally  a  good  deal  more  turbid. 

Results 

The  relative  numbers  of  major  species  of 
phytoplankton  collected  in  the  Lafayette  River  are 
given  in  Fig.  2.  207  species  were  noted  from  both 
stations:  170  at  station  1  and  154  at  station  2.  There 
were  124  species  common  to  both  stations.  A  com- 
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Fig.  1 — The  Lafayette  River  and  vicinity  showing  sampling  sites  1  and  2. 


UUfiTT 


Phytoplankton  of  a  Norfolk,  Virginia  Estuary 


149 


plete  species  list  is  available  from  the  author  on 
request.  Diatoms  were  dominant  at  both  stations. 
Phytoflagellates  were  of  greater  importance  at  the 
upstream  station  2  than  at  station  1.  The  single  most 
important  species  was  Skeletonema  costatum.  Station 
2  had  numerically  larger  populations,  and  they  tended 
to  fluctuate  more  radically  than  those  at  station  1 
(Fig.  3).  A  modified  bimodal  successional  pattern 
was  common  to  both  stations.  Concurrent  mean  wa¬ 
ter  temperature  and  salinity  data  are  presented  in  Fig. 
4.  Station  2  was  1%0  to  2%o  lower  in  salinity  and 
averaged  0.72°C  warmer  during  the  year. 


Discussion 

Of  the  major  diatom,  species  noted,  Skeletonema 
costatum,  Coscinosira  polychorda,  and  Rhizosolenia 
fragilissima  are  considered  by  Cupp  (1943)  as  neritic 
north-temperate  while  Thalassiosira  rotula,  Asterio- 
nella  japonica  and  Cerataulina  bergonii  are  neritic- 
south  temperate,  and  Thalassiosira  nordenskioldii  and 
Nitzschia  seriata  are  considered  boreal  or  arctic  spe¬ 
cies.  Species  of  lesser  significance  were  the  oceanic 
species  Chaetoceros  decipiens,  Corethron  hystrix  and 
Rhizosolenia  calcar  avis  and  the  brackish  or  littoral 
species  Cyclotella  striata,  Litmophora  sp.,  and  Nit- 
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Fig.  2— List  of  important  species  at  each  station,  showing  relative  numbers.  0— presence;  1  —  1  to  10  X  104;  2— 10  to  25  X  104;  3—25  to 
50  X  104;  4—50  to  100  X  104;  5—100  X  104  +. 
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Fig.  3 — Total  numbers  of  phytoplankton  X  104  (lower)  and  percent  of  diatoma  (solid  line),  dinoflagellates  (broken  line)  and  blue- 
green  algae  (dotted  line)  present  in  counts  at  each  station. 


zschia  longissima.  A  few  fresh  water  species,  Asterio- 
nella  formosa  and  Gyrosigma  spencerii,  and  the 
Chlorophyceans  Scenedesmus  quadricauda  and 
Staurastrum  aspinosa  were  apparently  introduced 
from  the  Elizabeth  River  flora  and  were  present  in 
low  numbers  in  the  fall  and  winter. 

The  major  flagellate  forms,  Amphidinium  klebsi, 
Gymnodinium  splendens,  Thalassiomonas  sp.  and  sev¬ 
eral  unidentified  phytoflagellate  species  are  consid¬ 
ered  brackish  water  species  (Hulburt  1965,  1965; 
Parke  1949). 

Notable  in  its  absence  was  any  form  of  Ceratium, 
which  had  been  found  by  most  workers  in  the  Chesa¬ 
peake  Bay. 

Although  diatom  species  appeared  to  dominate  the 
mouth  of  the  river,  at  station  2  diatom  species  were 
codominant  with  flagellate  forms  during  much  of  the 
year.  These  forms  included  Amphidinium  klebsi,  Gym¬ 
nodinium  splendens,  Eutreptia  marina,  an  athecate 
form  of  what  was  considered  to  be  Gymnodinium,  and 
several  species  of  Chrysomonad-type  flagellates.  In 
addition,  there  were  Cyanophyceans,  including  Me- 
rismopedia  tenuissima  and  Entophysalis  (?)  deusta, 
during  the  fall  months. 

The  dominant  diatom  was  Skeletonema  costatum. 
Patten,  et  al.  (1963)  and  Marshall  (1967b)  have  noted 
that  this  is  the  dominant  species  of  the  coastal  region 
of  this  portion  of  the  East  coast.  The  success  of  this 
species  may  be  attributed  to  extreme  adaptability  to 
local  environmental  conditions,  possible  seasonal  va¬ 
rieties  and  a  meroplanktonic  life  cycle  (Braarud 
1962).  Station  1  (Fig.  1 )  was  frequently  dominated  by 
pulses  of  S.  costatum,  and  the  species  formed  an 
important  member  of  the  population  at  station  2. 
Dominance  was  often  shared  with  flagellate  forms  at 
the  latter  station. 

The  general  pattern  of  succession  followed  in  the 
Lafayette  River  was  a  modified  bi-modal  one.  The 
first  maximum  taking  place  in  the  spring  was  com¬ 


posed  primarily  of  diatoms  at  both  stations,  although 
flagellate  forms  were  important  at  station  2  (Fig.  2). 
This  pulse  decreased  in  May.  The  second  maximum 
was  actually  a  series  of  pulses  which  took  place  dur¬ 
ing  the  summer.  This  was  at  first  composed  primarily 
of  diatoms,  but  as  the  waters  grew  warmer  the 
population  became  increasingly  dominated  by 
phytoflagellate  forms,  especially  at  upstream  station 
2.  Fall  and  winter  demonstrated  decreasing  abun¬ 
dance  at  both  stations  and  a  slow  transition  from 
flagellate  to  diatom  dominance.  Cyanophyceae  were 
present  at  both  stations  during  the  fall  in  fairly  large 
numbers.  Small  pulses  were  common  in  early  winter, 
but  the  total  numbers  dropped  during  January. 
Wolfe  et  al.  (1926),  Marshall  (1967  b),  and  Whaley 
and  Taylor  (1968)  have  noted  similar  spring  increases 
in  Cyanophyceae  from  February  through  March 
from  the  low  numbers  present  in  winter  populations. 

January  had  the  lowest  counts  for  the  entrie  year, 
although  nutrient  levels  were  higher  than  those 
considered  normal  for  the  Cheasapeake  Bay  (Mont¬ 
gomery  1972).  They  could  be  considered  sufficiently 
high  to  support  a  far  larger  population.  The  principal 
species  present  at  both  stations  were  the  diatoms 
Coscinodiscus  balticus,  Coscinodiscus  sp.,  Cyclotella 
sp.,  and  Skeletonema  costatum. 

The  increase  in  water  temperature  (Fig.  4)  and 
sunlight  values  (USCOMM-NOAA,  1971)  appeared 
to  encourage  phytoplankton  growth.  Cell  numbers 
per  liter  reached  2  X  10®  at  station  1  and  0.8  X  10®  at 
stations  2.  Both  stations  were  dominated  by  S.  costa¬ 
tum.  After  the  brief  pulse  total  numbers  of  S.  costa¬ 
tum  dropped  to  0.15-0.25  X  10®  at  both  stations  until 
March  when  at  station  1  a  second  pulse  of  bloom 
proportions  occurred.  Station  2  reached  2.8  X  10® 
cells  per  liter  during  the  first  part  of  April.  Other 
species  present,  principally  Rhizosolenia  fragilissima, 
Coscinosira  polychorda  and  Asterionella  japonica  at 
station  1,  and  Peridinium  sp.  and  other  phytoflagel- 
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Fig.  4 — Average  surface  values  by  month  of  temperature  (C°),  solid  line,  and  salinity  (%o),  dotted  line,  from  March,  1971  through 
February,  1972  in  the  Lafayette  River,  Norfolk,  Virginia. 

late  species  at  station  2  did  not  increase  during  this 
time. 

Following  the  April  peak,  numbers  were  low  (0.2 
X  106)  throughout  the  river,  and  S',  costatum  was 
replaced  in  importance  by  other  species,  but  none  of 
these  ever  obtained  a  dominant  status  (Fig.  2). 

These  were  Coscinodiscus  sp.  Synedra  ulna,  and 
Amphidinium  klebsi.  Phytoflagellate  sp.  2,  a  monad 
form,  was  present  in  concentrations  approximating 
each  of  the  other  three  species. 

Total  concentrations  of  cells  increased  in  June,  as 
the  water  temperatures  reached  20°C.  Nutrient  levels 
at  this  time  were  sufficient  to  support  a  large  popu¬ 
lation  (Montgomery  1972).  The  nitrate  levels  were 
much  the  same  as  they  had  been  the  preceding 
month.  This  may  indicate  that  water  temperature 
was,  with  light  intensity  and  duration,  a  major  factor 
in  the  summer  increase. 

Four  species  began  to  increase  at  the  same  time: 

Cyclotella  melosiroides  and  Melosira  fennoskandica(l ) 
at  station  1,  and  Exuviella  marina  and  an  unidentified 
phytoflagellate  species  at  station  2.  Secondary  species 
S.  costatum  and  Cyclotella  sp.  at  station  1  and  an 
athecate  dinoflagellate  at  station  2  increased  slightly 
toward  the  end  of  the  month. 

Numbers  were  1.5  X  106  and  1.3  X  106  at  stations  1 
and  2  respectively  as  temperatures  reached  a  yearly 
maximum  in  July  and  S.  costatum  with  Gymnodinium 
splendens  were  dominant  at  both  stations.  Diatom 
species  were  still  of  primary  importance  at  station  1 : 

Coscinosira  polychorda,  Cyclotella  spp.,  and  Thalas- 
siosira  aestivalis  were  prominent.  The  latter  two  spe¬ 
cies  formed  an  important  segment  of  the  station  2 
secondary  population  together  with  Nitzschia  closter- 


ium,  but  S.  costatum  was  less  important  than  it  was  at 
station  1. 

A  peak  was  reached  in  early  August  of  2  X  106  cells 
per  liter  at  station  1  and  3.5  X  106  cells  per  liter  at 
station  2.  S.  costatum  bloomed  at  both  stations  in  the 
first  part  of  August  and  caused  the  river  to  be  domi¬ 
nated  by  diatoms  for  a  short  time.  Other  diatom 
species  also  increased  during  this  time,  notably 
Cyclotella  glomerata,  Cyclotella  sp.,  and  Coscino¬ 
discus  aestivalis.  One  flagellate  species,  Eutreptia 
marina  also  increased  in  numbers. 

The  bloom  was  short  lived,  as  nitrate  levels 
dropped  (Montgomery  1972).  The  water  temperature 
was  decreasing,  and  oxygen  levels  declined  to  the  low 
for  the  year  (Purcell  1973).  Total  numbers  of  cells 
and  species  variety  dropped  as  well,  but  Cyclotella  sp. 
and  S.  costatum  continued  to  dominate  both  stations. 
These  were  replaced  in  importance  in  October  by 
Exuviella  apora  at  station  2  and  Melosira  sulcata 
at  station  1.  Phytoflagellate  species  2  was  also 
prominent  at  both  stations  in  the  beginning  of  No¬ 
vember  and  replaced  E.  apora  and  M.  sulcata  as 
dominant  species,  although  these  two  remained  nu¬ 
merous  and  S.  costatum  increased  slightly.  The  close 
of  the  year  saw  S.  costatum  dominating  station  1 
and  Amphidinium  sp.  dominant  at  station  2. 
Phytoflagellate  sp.  2  and  Olisthodiscus  sp.  were  also 
important  at  the  up  river  stations. 

The  species  composition  of  the  Lafayette  River  is 
similar  to  that  noted  by  Wolfe,  et  al.  (1926)  and 
Whaley  and  Taylor  (1968)  in  the  Cheaspeake  Bay.  It 
is  also  similar  to  that  of  the  Elizabeth  River  region 
(Marshall  1967b).  It  is  interesting  to  note  that  the 
differences  in  species  composition  between  the  two 
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stations  is  similar  to  that  noted  by  Wolfe,  et  al.  (1926) 
and  Cowles  (1930)  between  stations  at  the  mouth  and 
those  near  the  head  of  Chesapeake  Bay. 

Conclusion 

While  many  of  the  important  species  were  common 
to  both  stations,  there  were  population  and  composi¬ 
tional  differences  between  them  at  any  given  time. 
Station  2  generally  had  higher  concentrations  of 
phytoplankton  and  a  greater  amplitude  of  seasonal 
pulse  than  station  1.  There  appeared  to  be  a  shift  in 
population  composition  from  that  of  primarily  dia¬ 
tom  species  at  station  1  to  a  combination  of  diatom 
and  phytoflagellate  species  at  station  2.  Given  these 
differences,  there  is  a  yearly  pattern  of  succession 
which  is  shared  by  both  stations.  While  the  species 
which  make  up  the  population  at  each  site  differ,  as 
does  the  size  of  the  population,  the  modified  bi- 
modal  pattern  of  spring  and  summer  peaks  of  pro¬ 
duction  with  declining  numbers  in  the  fall  and  winter 
is  demonstrated  at  both  sites.  For  the  most  part, 
species  which  were  common  in  the  Chesapeake  Bay 
dominated  the  Lafayette  River  as  well.  An  exception 
was  Melosira  sp.,  which  was  noted  in  the  Lafayette 
River  in  significant  numbers,  but  which  had  not  been 
mentioned  as  prominent  in  earlier  reports. 
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Dimorphism  in  the  Red-Backed  Salamander Plethodon  cinereus 
(Green)  at  Mountain  Lake,  Virginia 


Abstract — A  five  mile  north-south  cline  located  in  Giles  County, 
Virginia  USA,  in  which  the  frequency  of  the  unstriped  morph  of 
the  salamander  Plethodon  cinereus  decreases  from  0.13  to  0.00,  is 
described  and  analyzed.  There  is  no  correlation  between  the  fre¬ 
quency  of  unstriped  and  altitude,  type  of  vegetation,  surface  mois¬ 
ture,  type  of  cover  preferred,  or  the  season  of  sampling.  Unstriped 
salamanders  were  found  at  higher  frequencies  in  areas  with  a  lower 
average  daily  temperature  and  less  fluctuation  between  daily  high 
and  low  temperature  extremes.  Analysis  of  egg  clutches  tends  to 
support  the  hypothesis  that  the  striped  phenotype  is  dominant. 


Introduction 

Polymorphism  is  the  occurrence  together  in  the 
same  locality  of  two  or  more  discontinuous  forms  of 
a  species  in  such  proportions  that  the  rarest  of  them 
cannot  be  maintained  merely  by  recurrent  mutation 
(Ford  1940).  Plethodon  cinereus  (Family  Plethodonti- 
dae)  exhibits  such  a  polymorphism  in  its  dorsal 
coloration,  having  a  striped  form  (“red-backed”) 
and  an  unstriped  form  (“lead-backed”).  Striped 
individuals  have  a  dorsal  line  from  head  to  tail.  This 
stripe  may  vary  in  color  from  bright  red  to  white, 
while  the  unstriped  form  has  a  uniform  brownish- 
black  color  (Hertzler  1958). 

Geographic  variations  in  the  frequency  of  striping 
occur  throughout  the  range.  Highton  (1962)  reports 
that  the  unstriped  form  is  scarce  in  parts  of  Canada, 
New  England,  eastern  New  York,  Georgia,  Arkansas 
and  Oklahoma  and  is  known  to  be  abundant  in  only 
a  few  scattered  areas  in  Illinois,  Ohio,  New  York, 
Maryland,  and  localities  near  Ottawa  and  Montreal. 
Both  color  forms  occur  through  most  of  the  range 
with  the  striped  form  usually  being  more  plentiful.  In 
some  areas  the  local  variation  is  striking,  affording 
the  opportunity  to  study  factors  responsible  for 
maintaining  the  dimorphism. 

Little  is  known  about  factors  that  influence  the 
frequency  of  the  striped  phases.  Over  a  distance  of 
five  miles,  the  proportion  of  unstriped  animals  on 
Potts  Mtn..  Giles  Co.,  Virginia  varies  from  0  to  13 
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percent.  The  present  paper  reports  studies  of  this 
population,  as  well  as  attempts  to  determine  the 
ecological  factors  influencing  the  maintenance  of  the 
dimorphism.  Also,  additional  data  concerning  the 
inheritance  of  the  pattern  phases  are  presented. 

Materials  and  Methods 

This  study  was  conducted  from  1970  to  1973  on 
Potts  and  Salt  Pond  mountains  near  the  Mountain 
Lake  Biological  Station  in  Giles  County,  Virginia. 
The  area,  mostly  in  the  Jefferson  National  Forest, 
was  once  a  climax  oak-chestnut  forest.  Destruction  of 
the  American  chestnut  by  a  fungal  blight  and  re¬ 
moval  of  timber  by  logging  have  allowed  additional 
oaks  to  become  established.  The  forest  is  now  pri¬ 
marily  oak-hickory-maple.  A  shallow  stream  (Little 
Stony  Creek)  with  an  average  width  of  10  feet  runs 
through  the  study  area  (Figure  1). 

During  1970,  salamanders  were  sampled  at  17  sites 
along  the  old  Salt  Sulfur  Turnpike  (Route  613,  Giles 
Co.,  Va.;  Figure  1).  Most  sites  were  located  at  inter¬ 
vals  of  one-half  mile  along  the  road.  In  1971,  the  area 
paralleling  Little  Stony  Creek  was  studied,  since  this 
appeared  to  represent  the  local  southern  limit  of  oc¬ 
currence  of  the  unstriped  form.  In  1972,  areas  near 
Little  Stony  Creek  and  on  the  north  side  of  Potts 
Mountain  were  the  focal  points  of  collection. 

Individuals  were  captured  under  rocks  and  logs 
and  in  the  leaf  litter.  Most  of  the  available  cover  was 
examined  to  avoid  collecting  bias.  Nearly  all  of  the 
collecting  sites  had  more  logs  than  rocks.  Although 
some  salamanders  were  found  under  small  branches, 
they  seemed  more  abundant  under  cover  larger  than 
3  inches  in  diameter.  Similar  observations  were  made 
in  Michigan  by  Test  and  Bingham  (1948). 

The  animals  were  scored  for  presence  or  absence  of 
the  mid-dorsal  stripe.  Any  animal  with  contrasting 
dorsal  pigment  was  scored  as  “striped.”  The  cover 
was  recorded  for  each  animal.  During  the  first  year  of 
the  study,  animal  length  (tip  of  snout  to  tip  of  tail) 
was  recorded.  Animals  with  regenerating  tails  were 
not  measured.  Vegetation  within  three  feet  of  the 
capture  site,  amount  of  moisture  under  the  cover,  and 
soil  temperature  were  recorded  for  some  individuals. 
Moisture  was  measured  with  a  moisture  meter  having 
a  scale  of  0  (dry)  to  5  (very  moist).  At  first,  animals 
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Fig.  1 — Map  of  Route  613  as  it  passes  over  Potts  and  Salt  Pond 
Mountains  in  Giles  County,  Virginia.  Numbers  1-31  refer  to  sam¬ 
pling  sites.  WR  =  White  Rocks  Recreation  Center,  AT  =  Appala¬ 
chian  Trail,  LSC  =  Little  Stony  Creek,  MLBS  =  Mountain  Lake 
Biological  Station  of  the  University  of  Virginia. 

were  toe-clipped  to  keep  track  of  recaptures  and  mi¬ 
gration  among  sites,  but  clipping  was  later  aban¬ 
doned  because  the  number  of  recaptures  was  ex¬ 
tremely  small,  and  no  migration  was  observed.  The 
animals  sampled  were  not  sexed.  However,  there  is 
reason  to  believe  that  no  difference  exists  in  the  pro¬ 
portions  of  striped  and  unstriped  forms  in  the  two 
sexes  in  this  region,  since  Highton  (1959)  found  that 
83.3  percent  of  314  females  and  86.3  percent  of  400 
males  in  his  Potts  Mountain  collections  were  striped 
(x2„  -  0.678;  0.3  <  P  <  0.5). 

After  each  animal  was  scored,  it  was  returned 
where  found  and  the  cover  replaced.  The  only  indi¬ 
viduals  removed  from  the  population  were  brooding 
females  and  their  clutches,  and  a  few  unusual  speci¬ 
mens. 

In  1973,  daily  high-low  temperatures  were  re¬ 
corded  during  July  at  Sites  1,  10,  23  and  29  using  a 
maximum-minimum  thermometer.  The  thermom¬ 
eters  were  placed  on  tree  trunks  approximately  one 
foot  from  the  ground  at  sites  10,  23  and  29.  Readings 


for  site  1  were  taken  from  the  official  weather  station 
which  is  there. 

A  plant  survey  was  also  conducted  in  areas  5,  10, 
19,  21,  23,  27  and  29.  Trees  greater  than  3  inches  in 
diameter  were  recorded  in  a  strip  8  feet  wide.  Sam¬ 
pling  was  continued  until  100  trees  were  scored. 

Results 

In  the  sites  studied,  the  phenotypic  frequencies  var¬ 
ied  from  0  to  4  percent  south  of  Little  Stony  Creek 
and  from  4  to  13  percent  north  of  Little  Stony  Creek 
(Table  1,  Figure  1).  Since  data  from  previous  collec¬ 
tions  at  site  23  were  available  (see  Table  2),  all  sam¬ 
ples  from  this  site  were  tested  for  homogeneity  (x2m 
=  5.394;  .50  <  P  <  .70).  There  was  no  evidence  of 
heterogeneity  among  the  different  collections. 

The  data  from  collections  in  1970  were  analyzed  to 
assess  association  between  individual  pattern,  length 
and  the  type  of  cover  under  which  the  animal  was 
found.  A  two-way  analysis  of  variance  indicates  that 
the  size  of  an  individual  and  type  of  cover  are  signifi¬ 
cantly  associated  (P  <  0.01).  Larger  individuals  are 
found  under  rocks  and  smaller  individuals  are  found 
under  logs.  No  significant  relationship  was  detected 
between  size  and  color,  and  no  interaction  between 
color  and  cover. 

No  association  is  evident  between  the  type  of  vege¬ 
tation  and  the  frequency  of  forms  of  P.  cinereus.  For 
example,  Acer  rubrum  is  the  dominant  tree  in  areas  5, 
10,  and  27  where  the  frequencies  of  unstriped  are  0,  2 
and  1 1  percent  respectively.  In  areas  23  and  29  where 
the  unstriped  frequencies  are  highest,  13  and  12  per 
ent  respectively,  the  dominant  trees  are  different.  In 
area  23  Quercus  rubra  and  Q.  alba  are  dominant  and 
in  area  29  Betula  lenta  and  Acer  rubrum. 

Moisture  affects  the  activity  of  salamanders,  since 
one  finds  more  salamanders  near  the  surface  when 
surface  mositure  is  high  (Test  1955,  Heatwole  1962, 
personal  observation).  Moisture  readings  were  taken 
at  the  capture  sites  of  550  individuals.  In  the  eight 
areas  where  moisture  was  recorded,  the  mean  mois¬ 
ture  level  was  higher  for  striped  individuals  at  three 
sites  and  higher  for  unstriped  at  five  sites.  Using 
Fisher’s  exact  test,  no  evidence  was  found  that  sur¬ 
face  moisture  is  a  controlling  factor  in  the  selection  of 
habitat  by  striped  and  unstriped  {P  =  0.726). 

Altitude  has  little  correlation  with  phenotype  dis¬ 
tribution  (Figure  1,  Table  1).  A  graphical  test  for 
association  (Quenouile,  1959)  showed  no  relation  be¬ 
tween  altitude  and  pattern.  However,  regression  anal¬ 
ysis  (Figure  2)  between  frequency  of  the  pattern 
phases  and  distance  in  a  north-south  direction  dem¬ 
onstrates  that  a  significant  relationship  ( b  =  6.64,  P 
<  .00001)  exists  between  the  frequency  of  striped 
animals  and  north-south  distance.  Thus,  a  clear 
north-south  cline  exists. 

Our  experiences  are  similar  to  those  of  Highton 
(1972)  in  that  P.  cinereus  is  much  more  active  during 
cooler  weather.  During  a  typical  summer  collecting 
trip,  25  to  35  animals  were  found  within  one  hour 
while  in  September  at  site  23  more  than  70 
individuals  were  found  within  one  hour.  However, 
data  from  summer  and  fall  collections  were  not  heter¬ 
ogeneous. 

In  areas  1  and  10,  where  frequencies  of  unstriped 
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TABLE  1 

Numbers  of  animals  sampled  at  each  site,  and  frequencies  of  the  Unstriped  phase  ofP.  cinereus  on  Potts  and  Salt  Pond  Mountains,  1970-1972. 


Site 

Elevation 
in  Feet 

’70 

Number  of  animals  Years  sampled 

’71  ’72 

Total 

Frequency  of  u 

’70  ’71 

nstriped  Years 

'12 

sampled 

Total 

1 

3860 

62 

43 

105 

.000 

.000 

.000 

2 

3830 

91 

91 

.000 

.000 

3 

3500 

42 

42 

.000 

.000 

4 

3100 

41 

41 

.000 

.000 

5 

3720 

50 

36 

86 

.000 

.000 

.000 

6 

3600 

56 

56 

.000 

.000 

7 

3650 

153 

153 

.013 

.013 

8 

3625 

74 

66 

140 

.000 

.000 

.000 

9 

3575 

123 

123 

.024 

.024 

10 

3550 

111 

137 

33 

281 

.009 

.044 

.000 

.018 

11 

3770 

47 

47 

.043 

.043 

12 

3750 

23 

23 

.000 

.000 

13 

3150 

45 

45 

.067 

.067 

14 

3250 

48 

48 

.042 

.042 

15 

3550 

52 

52 

.058 

.058 

16 

3770 

87 

87 

.046 

.046 

17 

3700 

105 

105 

.048 

.048 

18 

3950 

57 

27 

84 

.105 

.148 

.127 

19 

3800 

101 

60 

161 

.089 

.133 

.111 

20 

3750 

161 

52 

213 

.071 

.038 

.055 

21 

3850 

52 

52 

.077 

.077 

22 

3900 

76 

76 

.105 

.105 

23 

3950 

54 

107 

56 

217 

.148 

.103 

.143 

.131 

24 

3850 

54 

54 

.074 

.074 

25 

4000 

47 

47 

.085 

.085 

26 

4120 

55 

55 

.073 

.073 

27 

3850 

51 

28 

79 

.059 

.179 

.119 

28 

3650 

65 

65 

.077 

.077 

29 

3350 

51 

51 

.118 

.118 

30 

3050 

50 

50 

.100 

.100 

31 

3000 

50 

50 

.100 

.100 

salamanders  are  low,  the  average  daily  temperature 
was  higher  than  in  areas  23  and  29  where  the 
frequencies  are  much  higher  (Table  3).  In  areas  1  and 
10,  the  range  between  average  high  and  low  is  10.0°C 
and  10.8°C.  respectively,  while  in  areas  23  and  29  it  is 
7.2°C  and  5.3°C. 

Since  P.  cinereus  has  never  been  bred  in  the  labora¬ 
tory,  little  is  known  directly  about  the  inheritance  of 
color  phase.  It  has  been  necessary  to  use  data  from 
clutches  taken  in  the  field  for  making  genetic  deduc¬ 
tions.  In  1958,  Highton  collected  19  clutches  near  the 


summit  of  Potts  Mt.  (area  26,  east  and  west  of  the 
firetower)  (Highton  1959).  During  the  present  study 
one  of  us  (MAA)  collected  an  additional  16  clutches 
there.  These  data  are  summarized  in  Table  4. 

Two  clutches  are  noteworthy.  Highton  found  an 
unstriped  female  which  produced  a  clutch  of  8  striped 
offspring  (1958-29)  and  MAA  found  an  unstriped 
female  which  produced  a  clutch  of  8  unstriped  off¬ 
spring  (1970-1 ).  Table  5  shows  the  expected  propor¬ 
tions  of  offspring  from  unstriped  females  if  striping 
or  unstriping  is  dominant. 


TABLE  2 

Data  from  previous  collections  of  P.  cinereus  at  site  23  on  Potts  Mountain.  The  Jopson  collections  were  made  by  the  Zoology  204 
( Herpetology )  classes  at  Mountain  Lake  Biological  Station. 


Sample  size 

Number  Unstriped 

Freq.  Unstriped 

Dates 

Collectors 

168 

13 

.0774 

August,  1966 

Jopson 

224 

22 

.0982 

August,  1968 

Jopson 

161 

19 

.1180 

June,  1970 

Jopson 

54 

8 

.1481 

July  20,  1970 

July  21,  1970 

Angleberger  &  Chinnici 

107 

11 

.1028 

June  17,  1971 

July  6,  1971 

July  7,  1971 

Angleberger 

94 

7 

.0745 

Sept.  25,  1971 

Angleberger  &  Chinnici 

198 

17 

.0859 

June,  1972 

Jopson 

56 

8 

.1429 

June  24,  1972 

Aug.  15,  1972 

Angleberger 
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miles  from  613-635  junction 

Fig.  2 — Graph  of  the  plot  of  miles  from  the  junction  of  Routes  613  and  635  in  a  strict  North-South  direction  against  the 
angular  transformation  of  percent  striped  salamanders  in  samples  1-31. 


Discussion 

This  study  was  undertaken  to  determine  which 
ecological  factors  are  responsible  for  the  distribution 
of  the  two  color  phases  of  Plethodon  cinereus  on  Potts 
Mtn.,  Giles  Co.,  Virginia.  A  northsouth  cline  exists 
on  Potts  Mountain.  At  the  Mountain  Lake  Biological 
Station  the  unstriped  form  comprises  less  than  one 
percent  of  the  population.  Five  miles  north  of  the 
station,  the  population  contains  up  to  13  percent 
unstriped  animals.  Located  near  the  southern  limit  of 
the  cline  is  Little  Stony  Creek.  From  samples  re¬ 
ported  in  this  paper  and  earlier  collections  made  by 
Highton  (unpublished),  it  is  clear  that  the  popula¬ 
tions  ^outh  of  Little  Stony  Creek  have  extremely 
low  frequencies  of  the  unstriped  color  phase.  It  is 


TABLE  3 

Summarized  daily  temperature  data  {in  degrees  Centigrade )  for  July, 
1973.  One  low  temperature  reading  each  at  sites  10  and  23 
was  not  recorded 


Site  1 

Site  10 

Site  23 

Site  29 

Highest 

27.2 

27.2 

23.3 

24.4 

Lowest 

7.8 

8.3 

8.9 

11.7 

Ave.  High 

23.7 

22.8 

21.2 

21.1 

Ave.  Low 

13.7 

12.0 

14.0 

15.8 

Range  of 
Averages 

10.0 

10.8 

7.2 

5.3 

possible  that  this  stream  restricts  southern  migra¬ 
tion  of  the  unstriped  phase. 

Highton  (1962)  points  out  that  areas  of  abundance 
of  the  unstriped  form  are  scattered  from  Canada  to 
the  southern  Coastal  Plain  of  Maryland.  The  cline 
which  exists  on  Potts  Mt.  is  evidently  local. 

At  site  23,  where  data  are  available  for  a  number  of 
years,  there  is  no  evidence  of  heterogeneity.  This 
indicates  that  the  frequencies  in  .  these  populations 
have  remained  fairly  stable  over  a  number  of  years. 
Therefore  it  is  likely  that  the  frequencies  at  the  re¬ 
maining  sites  also  are  stable. 

P.  cinereus  prefers  cool,  damp,  wooded  areas  and 
makes  use  of  whatever  cover  is  available.  More  sala¬ 
manders  were  collected  beneath  logs  than  beneath 
rocks.  This  may  be  due  to  the  greater  abundance  of 
such  cover  on  the  forest  floor.  There  is  no 
relationship  between  the  color  of  the  individual  and 
the  type  of  cover  utilized.  However,  there  is  a  detec¬ 
table  association  between  the  type  of  cover  and  the 
size  of  the  individuals.  It  may  be  that  the  larger 
animals  have  better  burrowing  ability  and,  therefore, 
seek  cover  under  larger  and  more  firmly  imbedded 
objects. 

The  type  of  habitat  at  the  sites  varied  somewhat 
and  the  type  of  vegetation  was  not  the  same 
throughout.  The  plant  surveys  show  some  difference 
in  the  dominant  trees  in  the  collection  areas  but  no 
relationship  is  evident  between  the  type  of  vegetation 
and  proportion  of  the  color  type  in  the  population. 
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TABLE  4 

Data  from  35  clutches  found  on  Potts  Mountain.  S  =  Striped, 
U  =  Unstriped 


Freq.of 

Number  of 

striped  in 

Phenotype 

offspring 

Site  #  Clutch  § 

population 

of  female 

S  U 

Data  of  Highton  (1959) 

26  1958-12 

.8515 

striped 

11  0 

1958-13 

unstriped 

5  5 

1958-14 

striped 

8  0 

1958-15 

unstriped 

3  3 

1958-16 

striped 

9  0 

1958-17 

striped 

3  0 

1958-18 

striped 

6  0 

1958-19 

striped 

6  0 

1958-20 

striped 

4  0 

1958-21 

striped 

3  0 

1958-22 

striped 

7  0 

1958-23 

striped 

6  1 

1958-24 

striped 

3  3 

1958-25 

striped 

5  0 

1958-26 

striped 

5  1 

1958-27 

striped 

9  1 

1958-28 

striped 

2  1 

1958-29 

unstriped 

8  0 

1958-30 

striped 

8  0 

Data  of  Angleberger  and  Chinnici 


28 

1970-1 

.8824 

unstriped 

0 

8 

1970-2 

striped 

9 

0 

23 

1971-1 

.9091 

unstriped 

4 

6 

11 

1971-2 

.9574 

striped 

8 

0 

19 

1971-3 

.9333 

striped 

10 

0 

24 

1971-4 

.9259 

striped 

8 

0 

1971-5 

striped 

7 

0 

1971-6 

striped 

9 

0 

8 

1972-1 

.8667 

striped 

5 

0 

1972-2 

striped 

9 

0 

1972-3 

.9333 

striped 

8 

0 

1972-4 

striped 

6 

0 

1972-5 

striped 

6 

0 

1972-6 

striped 

8 

0 

19 

1973-1 

.9109 

unstriped 

4 

1 

1973-2 

striped 

9 

0 

Test  (1955)  suggests  that  the  amount  and  distribu¬ 
tion  of  moisture  might  influence  color  phase  frequen¬ 
cies.  Our  data  do  not  support  this  hypothesis.  The 
availability  of  these  salamanders  is  increased  by 
moisture,  but  there  is  no  evidence  for  a  differential 
effect  on  the  two  color  phases,  and  it  is  unlikely  that  a 
difference  in  humidity  is  the  sole  ecological  factor 
responsible  for  maintenance  of  the  polymorphism  or 
distribution  of  the  phenotypes.  Also,  altitude  appears 
to  have  little  or  no  effect  on  the  frequencies  of  the 
color  phases  in  this  area. 

Samples  from  southeastern  Michigan  (Test  1955) 
tended  to  be  smaller  in  the  summer  but  there  was  no 
significant  difference  in  the  frequency  of  color  phases 
from  season  to  season.  This  also  was  found  to  be  true 
in  the  Potts  Mtn.  collections.  In  testing  the  stability 
of  the  frequency  of  the  color  phases  in  a  population 
in  Ithaca,  New  York,  Brown  (1965)  also  did  not  find 
large  seasonal  fluctuations. 

Temperature  may  be  one  of  the  factors  influencing 
the  proportions  of  color  phases.  Data  from  the  pres¬ 


ent  study  show  that  the  average  daily  temperature 
was  higher  in  areas  where  the  frequency  of  unstriped 
salamanders  was  lower.  This  suggests  that  the  un¬ 
striped  form  is  favored  in  a  cooler  habitat.  Data  also 
show  that  the  range  between  the  average  high  and 
low  was  greater  where  frequencies  of  the  striped  form 
were  high.  This  may  indicate  that  more  extreme  daily 
temperature  fluctuation  favors  the  striped  form. 
Looking  at  the  geographical  locations  within  the  en¬ 
tire  range  where  the  unstriped  form  occurs  in  rela¬ 
tively  high  frequencies,  however,  we  may  nearly  rule 
out  temperature  as  a  factor,  since  some  localities  are 
as  far  north  as  Canada  and  some  as  far  south  as  the 
Coastal  Plain  of  Maryland.  The  variation  in  temper¬ 
ature  between  these  areas  is  much  greater  than  in  the 
Potts  Mountain  sampling  sites. 

As  regards  the  genetics  of  striping,  direct 
information  cannot  be  obtained  since  Plethodon  cine¬ 
reus  will  not  breed  in  the  laboratory.  Furthermore,  it 
is  not  known  how  often  females  mate  in  nature,  a 
factor  which  can  affect  attempts  to  interpret  phenoty¬ 
pic  ratios  when  only  the  brooding  female  parent  is 
captured  (Highton  1966).  Sayler  (1966)  reported  that 
in  Maryland  populations  no  females  were  found  with 
large  eggs  after  June,  indicating  that  oviposition 
takes  place  during  that  month. 

One  can  make  use  of  striping  frequencies  from 
clutches  and  their  captured  brooding  female  parents 
to  estimate  the  probability  that  one  or  the  other 
phenotype  is  dominant  (Highton  1959,  1975).  Using 
this  technique,  Highton  (1959)  concluded  from 
studying  clutches  from  Potts  Mtn.  that  inheritance  of 
striping  is  unifactoral  and  dominant.  Additional 
studies,  from  Giles  Co.  and  Greene  Co.,  Va.  popu¬ 
lations,  have  led  Highton  (1975)  to  revise  his  earlier 
hypothesis  so  that  a  two-locus  epistatic  system  con¬ 
trols  the  striping  dimorphism.  According  to  this,  A — B 

TABLE  5 

Data  from  clutches  with  unstriped  female  parents  found  in  the  field 
showing  gene  frequencies  and  expected  proportions  of  color  forms  if 
(I)  striping  is  dominant  or  (2)  unstriping  is  dominant 


Highton 

Angleberger 

no.  of  clutches 

3 

3 

mean  percent 
striped  in  areas 

85.15 

90.08 

gene  freqs.  if 
striped  dominant 

p  =  .6147 
q  =  .3853 

p  =  .6850 
q  =  .3150 

gene  freqs.  if 

unstriped  dominant 

p  =  .9228 
q  =  .0772 

p  =  .9491 
q  =  .0509 

expected  percent  of 
striped  offspring 
from  unstriped 
female  if  striped 
is  dominant 

61.47 

68.50 

expected  percent  of 
striped  offspring 
from  unstriped 
female  if  unstriped 
is  dominant 

44.29 

46.10 

observed  percent  of 
striped  offspring 
from  unstriped 
female 

66.67 

34.78 
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— ,  A — bb,  and  aabb  produce  the  striped  phenotype 
while  aaB— produces  no  strip.  Highton  claims  that 
stripe  appears  dominant  in  Giles  Co.  because  the 
B  allele  is  fixed  or  nearly  fixed  there  and  striping 
appears  recessive  in  Greene  Co.,  because  the  a  allele 
is  fixed  or  nearly  fixed  there. 

Clutch  data  in  the  present  study  do  not  clearly 
indicate  that  the  striping  phenotype  is  dominant  in 
the  Potts  Mtn.  area.  Using  the  method  of  Highton 
(1959),  it  is  found  that  our  clutches  from  unstriped 
females  produce  an  overall  frequency  of  striped  off¬ 
spring  closer  to  the  expected  frequency  if  the  un¬ 
striped  phenotype  is  dominant  (see  Table  5).  How¬ 
ever,  our  data  may  also  support  the  opposite  hypothe¬ 
sis  as  well.  If  striping  is  dominant,  the  following  types 
of  clutches  would  be  expected:  A  striped  female  could 
have  only:  (1)  an  all  striped  brood  or  (2)  a  mixed 
brood.  It  is  highly  unlikely  that  a  striped  female 
would  produce  an  entire  clutch  of  unstriped  in¬ 
dividuals.  Depending  upon  the  genotype  of  her  mate, 
an  unstriped  female  could  have:  (1)  an  all  striped 
brood,  (2)  a  mixed  brood,  or  (3)  an  all  unstriped 
brood.  All  types  of  clutches  have  been  found  except 
those  consisting  entirely  of  unstriped  individuals 
from  striped  female  parents. 

The  clutch  of  8  striped  young  with  an  unstriped 
female  (1958-29)  was  found  by  Highton  in  an  area 
where  85  percent  of  the  population  was  striped.  If 
striping  is  dominant,  then  in  this  area  37.79  per¬ 
cent  of  the  individuals  would  be  expected  to  be 
homozygous  for  striped  and  47.37  percent  would  be 
expected  to  be  heterozygous.  If  unstriped  is  domi¬ 
nant,  the  probability  of  an  unstriped  female  having 
such  a  brood  would  be  .0003.  If  striped  is  dominant,  a 
homozygous  recessive  unstriped  female  would  be  ex¬ 
pected  to  have  all  striped  offspring  every  time  she 
mated  with  a  homozygous  dominant  striped  male 
(Highton  1959). 

If  88  percent  of  the  population  were  striped  (aver¬ 
age  of  the  areas  where  unstriped  clutches  were 
found),  of  six  clutches  with  unstriped  females,  the 
expected  proportions  of  the  types  of  clutches  would 
be:  2  clutches  with  all  striped  offspring,  3  clutches 
with  mixed,  and  1  clutch  with  all  unstriped.  The 
actual  proportions  found  (see  Table  4)  are:  1  clutch 
with  all  striped,  4  clutches  with  mixed  offspring  and 
1  clutch  with  all  unstriped.  Thus,  these  data  are 
consistent  with  the  hypothesis  that  striping  is  dom¬ 
inant. 

Of  the  various  ecological  factors  which  were  exam¬ 
ined  in  this  study,  there  is  no  evidence  to  indicate  that 
any  single  factor  is  completely  responsible  for  the 
distribution  of  color  phases.  On  the  other  hand,  most 
cannot  entirely  be  ruled  out.  It  is  probable  that  a 


combination  of  factors  is  responsible  for  maintaining 
the  polymorphism. 
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ENVIRONMENTAL  EDUCATION  IN  ORANGE  COUNTY,  VIRGINIA.  H.  B. 

Larttz,  Jr*.  Oranqe  County  High  School,  Orange,  Va.  22960, 
and  Norlyn  Bodkin.  Dept,  of  Biology,  Madison  Col.,  Harri¬ 
sonburg,  Va.  22801 

Environmental  education  Is  not  just  something  to  be 
taught  and  learned,  but  rather  is  a  way  of  teaching  and 
learning.  That  belief  forms  the  basis  for  operation  of 

Project  COMSEP.  COMSEP  (Comprehensive  School  Ecology  Pro¬ 
gram)  is  an  ESEA  Title  III  project  designed  to  give  students 
and  members  of  the  community  a  better  understanding  of  the 
interrelationships  of  man  and  other  organisms  to  their  en¬ 
vironments  and  raising  questions  of  individual  and  societal 
culpability  in  the  use  and  misuse  of  natural  resources. 

Learning  experiences  tn  environmental  education  are  provided 
for  approximately  4,000  students  in  grades  K-12.  There  are 
four  major  components  of  COMSEP:  environmental  Interpreta¬ 
tion  centers,  extensive  student  involvement,  inservice 
training  for  teachers,  and  much  community  involvement.  Eval¬ 
uation  instruments  administered  to  participating  students  and 
teachers  revealed  that  both  increased  their  knowledge  and 
appreciation  of  our  environments,  while  teachers  showed  posi¬ 
tive  change  in  attitude  and  teaching  behavior.  This  program 
has  been  well  received  and  supported  within  the  community. 

ENVIRONMENTAL  EDUCATION:  NUCLEAR  POWER.  Joseph  J.  Law  and 
Robert  H.  Lehman,  Dept,  of  Natural  Sciences,  Longwood 

College,  Farmvllle,  Va.  23901 

Nuclear  power  represents  30?  of  the  energy  for  generating 
electricity  in  Virginia;  by  I960  it  will  account  for  50?. 

There  is  no  reasonable  alternative  to  an  Increased  use  of 
nuclear  power  to  satisfy  our  nation-wide  energy  needs.  How¬ 
ever,  there  has  been  considerable  public  controversy  over 
this  clean,  safe,  economic,  and  reliable  energy  source.  The 
controversial  issues  arise  largely  from  the  environmental 
Impacts.  There  is  still  an  undercurrent  of  fear  about 
certain  misunderstood  aspects  of  nuclear  power  reactors  and 
their  environmental  effects. 

While  environmental  pollution  is  now  a  popular  topic  in 
science  courses,  the  environmental  aspects  of  nuclear  power 
generation  have  not  been  well  Integrated  into  teaching  plans. 
Knowledge  Is  the  key  to  nuclear  acceptability.  Therefore, 
transmitting  of  unbiased  information  on  the  effects  of 
nuclear  power  production  on  the  environment  to  our  students 
and  society  as  a  whole  is  urged.  The  students,  who  will  be 
the  decision  makers  tomorrow,  can  hardly  obtain  this  kind  of 
information  unless  science  educators  help  bring  It  to  them. 
Science  educators  must  make  a  special  effort  to  dispel  the 
unfair  and  Inaccurate  Information  that  the  opponents  of 
nuclear  power  are  creating  regarding  nuclear  power,  which  Is 
vital  for  our  survival. 

SOME  METHODS  AND  TECHNIQUES  FOR  THE  STUDY  OF  SOIL  ARTHROPODS 

IN  HIGH  SCHOOL  BIOLOGY.  Edgar  P.  McConnell.  Science  Dept., 

McLean  High  School,  McLean,  Va.  22101 

The  origins  of  the  study  of  soil  arthropods,  and  the 
significance  of  arthropod  faunas  in  the  formation  and 
maintainance  of  particular  soil  types  and  horizions  are 
briefly  discussed. 

The  faunal  assemblages  to  be  found  in  litter,  topsoil,  and 
subsoil  are  outlined.  Factors  which  may  cause  population 
" explosions"  effects  for  individual  groups  are  noted. 

Standard  and  modified  collection  methods  are  covered  in  detail. 
Suggestions  to  provide  quantitative  data  on  sample  sizes  and 
population  surveys  are  provided,  as  well  as  a  format  for  a 
collection  record  sheet  suitable  for  both  field  work  and 
permanent  laboratory  records. 

A  bibliography  is  supplied  of  references  containing  both 
general  and  specific  information  on  the  study  of  soil 
arthropodan  faunas. 
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News  and  Notes 


The  Dismal  Swamp  Project 

By  recent  action  of  Council,  the  Dismal  Swamp 
Editorial  Board  will  work  with  the  Editor  of  the 
Journal  in  bringing  out  the  projected  series  of  papers 
on  the  Dismal  Swamp  in  the  Virginia  Journal  of 
Science.  The  members  of  the  DSEB,  Drs.  Robert  Ake 
(ODU),  E.  Fred  Benfield  (VPI&SU),  Arthur  Buik- 
ema  (VPI&SU)  and  Paul  Kirk  (ODU),  are  now  pre¬ 
paring  the  first  of  these  papers  for  publication  in 
1976.  The  series  will  be  an  important  one  for  anyone 
interested  in  any  aspect  of  the  “Great  Dismal”,  one 
of  Virginia’s  most  striking  natural  features. 


Mountain  Lake  Biological  Station 
1976  Announcement 

The  University  of  Virginia  announces  eight  gradu¬ 
ate  courses  in  biology  to  be  offered  at  the  Mountain 
Lake  Biological  Station  this  summer.  They  are  as 
follows: 

First  Term:  June  10 — July  13 
Taxonomy  of  Seed  Plants,  Dr.  Carl  S.  Keener, 
Pennsylvania  State  University 
Aquatic  Ecology,  Dr.  George  M.  Simmons,  Jr., 
Virginia  Polytechnic  Institute  &  S.U. 
Herpetology,  Dr.  Harry  G.  M.  Jopson, 
Bridgewater  College 

Animal  Behavior,  Dr.  Glenn  Hausfater,  University 
of  Virginia 

Second  Term:  July  15 — August  17 

Ecological  Genetics,  Dr.  David  A.  West,  Virginia 
Polytechnic  Institute  &  S.U. 

Terrestrial  Ecology,  Dr.  Raymond  Dueser,  Uni¬ 
versity  of  Virginia 

Pteridology,  Dr.  Donald  R.  Farrar,  Iowa  State 
University 

Mammalogy,  Dr.  Charles  O.  Handley,  Jr.,  United 
States  National  Museum 

Four  fellowships  of  $150  each  are  to  be  awarded. 
Two  North  Carolina  Botanical  Garden  fellowships 
will  be  awarded  to  superior  students  with  preference 
to  those  who  have  previously  held  work  scholarships 
at  the  Station.  Two  additional  awards  will  be  made 
from  the  Mountain  Lake  Fellowship  Fund  estab¬ 
lished  by  friends  of  Mountain  Lake.  Contributions 
are  invited  for  additional  support  for  this  fund.  The 
fellowships  may  not  be  held  concurrently  with  any 
other  stipend  from  the  Station.  The  recipients  of 
these  awards  are  chosen  by  the  Research  and  Awards 
Committee  of  the  Department  of  Biology.  Applica¬ 
tions  for  awards  should  be  sent  to  the  Director, 
Mountain  Lake  Biological  Station,  Gilmer  Hall, 
University  of  Virginia,  Charlottesville,  Virginia 
22903. 


Solar-heater  Science  Building 
at  The  Madeira  School 

One  of  the  largest  functioning  solar-heated  build¬ 
ings  in  the  country  was  dedicated  October  17,  1975. 
Built  for  the  use  of  the  science  students  at  The  Ma- 


deria  School,  Greenway,  Virginia,  an  independent, 
secondary  school  for  girls,  located  near  Washington, 
D.C.,  the  structure  is  believed  to  be  the  first  solar- 
heated  academic  building  to  be  constructed  entirely 
with  private  funds. 

Solar  energy  provides  heat  and  domestic  hot  water 
for  the  9000  square  foot  building  as  well  as  an  adja¬ 
cent  swimming  pool.  Planned  before  the  rest  of  the 
world  recognized  the  energy  crisis,  the  structure  is  the 
result  of  The  Madeira  School’s  desire  to  provide  the 
best  possible  facilities  for  its  students,  two-thirds  of 
whom  are  enrolled  in  science  courses  each  year,  and 
of  the  school’s  desire  to  demonstrate  that  a  building 
for  the  teaching  of  science  could  itself  be  a  teacher  of 
science.  The  Science  Building  opened  for  classes  in 
September. 

The  most  striking  feature  of  the  IV2  story,  cedar¬ 
sided,  trapezoidal  structure  is  the  4000  square  foot 
collector  which  slopes  26°  from  the  horizontal  and 
forms  the  roof  of  the  central  section  of  the  building. 
The  rectangular  space  beneath  the  collector  is  de¬ 
voted  to  laboratory  space  and  support  facilities:  prep¬ 
aration  rooms,  balance  room,  animal  room  and  stor¬ 
age  room.  The  exposed  utility  systems,  an  integral 
part  of  the  interior  architecture,  are  coded  in  bright 
colors.  A  triangular  greenhouse  at  one  end  of  the 
main  level  is  balanced  by  a  similarly  shaped  seminar 
room  at  the  other.  Photography  laboratories  and 
workrooms  are  located  on  the  ground  level. 

Architects  for  The  Madeira  School’s  solar-heated 
science  building  are  Arthur  Cotton  Moore  Associates 
of  Washington,  D.C.  Flack  and  Kurtz  of  New  York 
were  the  engineers  for  the  solar  heating  system.  In  an 
unusual  move,  no  back  up  heating  system  was  in¬ 
corporated  into  the  building.  A  boiler  in  the  adjacent 
gymnasium  will  supply  additional  hot  water  if  needed. 

In  his  design,  the  architect  made  maximum  use  of 
the  school’s  400  acre  campus  which  overlooks  the 
Potomac  River.  A  pathway  connecting  the  upper  and 
lower  sections  of  the  campus,  passes  under  the  solar 
roof.  Windows  allow  a  view  through  the  laboratories 
to  the  woods  on  the  north  side  of  the  building. 

The  collector,  consisting  of  molded  aluminum  pan¬ 
els,  over-laid  with  glass,  creates  a  greenhouse  effect. 
The  sun’s  energy  heats  an  oil  which  is  pumped 
through  the  panels  and  thence  to  a  10,000  gallon 
water  tank  in  the  basement.  There  the  oil  flows 
through  heat  exchange  coils,  heating  the  water  used 
to  heat  the  building  in  a  standard  forced  air  system. 

Nobel  prize  winner  James  D.  Watson  was  the  prin¬ 
cipal  speaker  at  the  dedication  ceremony  attended  by 
alumnae,  parents  and  friends  of  the  seventy-year  old 
school.  In  her  welcoming  remarks  Headmistress  Bar¬ 
bara  Keyser  said,  “When  I  asked  Madeira's  Board  of 
Directors  to  approve  the  building  even  though  we  did 
not  have  the  funds  in  hand,  I  knew  we  were  gambling 
with  the  financial  future  of  the  school.  But  the  faith  in 
our  future  as  women  entering  seriously  into  the  field 
of  science,  and  the  faith  that  we,  in  a  small  way,  could 
demonstrate  that  private  and  independent  groups  can 
pioneer  in  showing  solutions  to  national  crises,  justi¬ 
fied  the  gamble.” 
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The  Taxonomy  and  Ecology  of  Algae  in  the  Appomattox  River, 
Chesterfield  County,  Virginia 


Abstract — The  study  area  in  this  investigation  is  the  portion  of 
the  Appomattox  River  located  in  the  southeastern  section  of  the 
Matoaca  district  of  Chesterfield  County,  Virginia.  The  objectives 
of  this  study  were  (1)  the  taxonomy  of  the  algae  inhabiting  the 
stream  and  (2)  a  correlation  of  ecological  factors  and  distribution 
of  algae.  The  following  observations  are  made: 

(1)  The  pH  of  the  river  ranged  from  6.8  to  7.8.  The  water  was 
found  to  be  well  buffered. 

(2)  The  water  was  well  aerated.  The  dissolved  oxygen  concen¬ 
tration  usually  remained  quite  high  (8-14.8  ppm). 

(3)  The  calcium  values  ranged  from  3.4  to  6.4  ppm.  The  nitro¬ 
gen  (nitrate)  and  phosphorus  (ortho)  content  ranged  from 
0.1  to  1.85  ppm  and  .016  to  .074  ppm,  respectively. 

(4)  The  algae  collected  during  this  study  were  species  of  Chlo- 
rophyta,  Chrysophyta  (Bacillariophyceae),  and  Cyano- 
phyta  {common  to  soft  waters). 

(5)  The  Chlorophyta  represented  50%  of  the  total  taxa  reported, 
followed  by  the  Chrysophyta  representing  33%. 

(6)  All  of  the  genera  collected  are  characteristic  of  the  lotic 
environment  but  by  no  means  restricted  to  it. 

(7)  The  genera  with  the  highest  numbers  of  species  were  Nav- 
icula  (7),  and  Closterium  (6). 

(8)  At  the  two  most  productive  localities  148  and  121  species 
were  recorded. 


Introduction 

Algae  are  utilized  as  indicators  of  domestic  sewage 
pollution  and  of  natural  purification  in  streams.  The 
kinds  and  numbers  of  algae  and  other  organisms  in 
the  polluted  portion  of  a  stream  are  different  from 
those  present  in  the  unpolluted  portion.  The  varia¬ 
tion  in  the  algal  population  at  the  different  points  or 
under  different  conditions  of  pollution  constitutes 
one  of  the  indices  that  can  be  applied  to  any  desired 
location  in  the  stream  to  determine  the  presence  or 
absence  of  domestic  sewage  or  other  pollutants.  It 
appears  evident  that  particular  genera  or  even  species 
of  algae,  when  considered  alone,  are  not  reliable  in¬ 
dicators  of  organic  pollution.  When  different  kinds  of 
algae  are  considered  as  a  community,  that  group  may 
be  a  reliable  index. 

Algae  are  also  considered  useful  as  indicators  of 
the  sources  of  a  particular  water  supply.  It  is  possible 
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to  determine  the  probable  source  of  surface  water 
through  a  determination  of  the  number  and  kinds  of 
algae  and  related  organisms  present.  Algae  are  useful 
to  indicate  the  progress  of  sewage  change  in  oxida¬ 
tion  ponds,  the  pH  and  temperature  changes  of  a 
stream  or  lake,  the  toxicity  of  industrial  wastes  and 
relatively  high  concentrations  of  chemicals  such  as 
sodium  chloride,  iron,  and  calcium  phosphate. 

In  reviewing  the  literature  of  phycological  studies 
in  Virginia,  it  was  found  that  no  algal  survey  has  been 
conducted  in  the  Appomattox  River  in  Chesterfield 
County,  thereby  establishing  the  reason  for  under¬ 
taking  the  present  investigation.  The  objectives  of 
this  investigation  were: 

1.  to  collect  and  identify  the  algae  found  in  the 
river  and 

2.  to  determine  correlations  between  certain  eco¬ 
logical  factors  and  distribution  of  algae. 

Description  of  the  Area  and  the  River — The  study 
area  is  part  of  the  Appomattox  River,  located  in 
the  southeastern  part  of  the  Matoaca  district  of 
Chesterfield  County,  Virginia.  The  river  is  a  dividing 
line  between  the  city  of  Petersburg  and  Chesterfield 
County.  The  study  area  begins  near  the  western  end 
of  Randolph  Farm  and  extends  downstream  approxi¬ 
mately  half  a  mile  below  a  dam  used  by  the  Virginia 
Electric  and  Power  generating  system  near  the  city  of 
Petersburg. 

Four  sampling  locations  were  selected.  Station  1  is 
located  upstream  near  the  western  end  of  a  forest 
owned  by  Virginia  State  College.  The  river  at  this 
station  passes  through  the  forest  and  remains  under 
shade  of  overhanging  shore  vegetation.  The  current  is 
relatively  swift  at  this  station;  however,  numerous 
boulders  provide  protection  areas  for  algal  attach¬ 
ment.  Approximately  four  miles  upstream  from  sta¬ 
tion  1,  a  dam  has  been  constructed  which  produced  a 
20-30  mile  reservoir  called  Lake  Chesdin.  Station  2  is 
one  mile  farther  downstream  from  station  1.  The 
river  bed  at  this  station  is  also  rocky.  Station  3  is 
approximately  one  mile  downstream  from  station  2. 
At  this  station  the  river  bifurcates,  and  two  branches 
rejoin  after  a  short  distance  thereby  creating  a  small 
island  on  the  river  bed.  The  island  has  a  bearing  on 
the  flow,  and  the  current  is  very  slow.  A  small  creek 
enters  the  river  at  this  station,  and  the  river  bed  is 
quite  sandy.  Station  4  is  situated  2  miles  further 
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downstream  near  a  dam  which  is  being  used  by  the 
Virginia  Electric  and  Power  Company.  The  velocity 
of  flow  is  very  slow  above  the  dam,  and  due  to  its 
presence  the  river  spreads  over  a  much  larger  area. 
Along  the  river,  the  soil  is  brown,  loamy,  river  allu¬ 
vium,  and  has  medium  to  high  natural  fertility.  Wil¬ 
lows  and  sycamores  line  the  river  banks.  Justicia 
americana  (L)  Vahl,  Podestema,  Ceratophyllum  and  a 
few  species  of  Carex  and  Juncus  are  the  main  macro¬ 
phytes  of  the  river. 

Materials  and  Methods 

Water  samples  for  chemical  analysis  were  collected 
along  the  northern  margin  of  the  river  from  four 
locations.  Algal  samples  were  mostly  collected  near 
the  banks,  as  the  water  is  quite  deep  towards  mid¬ 
stream.  Bottom  collections  were  taken  up  to  an  acces¬ 
sible  depth  from  such  substances  as  fallen  wood, 
stone,  and  submerged  plants.  Plankton  samples  were 
collected  with  a  #20  Mesh  Wisconsin  Net.  Fresh  algal 
samples  were  examined  in  living  condition  upon  re¬ 
turn  to  the  laboratory,  and  the  algae  were  identified 
to  the  species  level;  however,  lack  of  fruiting  bodies  in 
some  forms  prevented  positive  species  identification. 

Chemical  analysis  was  done  in  the  laboratory  as 
outlined  in  “Standard  Methods  for  the  Examination 
of  Water  and  Wastewater,”  12th  ed.,  1965. 

Results 

Water  analysis — Table  1  summarizes  the  results  of 
the  water  analyses  at  all  stations. 

Taxonomic  list — The  following  abbreviations  are 
used;  Sp  =  spring,  Su  =  summer,  F  =  fall,  W  = 
winter.  The  numbers  represent  the  stations  on  the 
river. 


TABLE  1 

Results  of  Water  Analysis 


Station 

1 

Station 

2 

Station 

3 

Station 

4 

Spring 

16.3 

16.67 

18.67 

19.0 

Temp 

Summer 

21.67 

21.5 

23.0 

24.5 

Fall 

14.0 

16.5 

13.5 

10.5 

Spring 

7.13 

7.2 

7.47 

7.27 

pH 

Summer 

7.2 

7.2 

7.2 

7.35 

Fall 

7.0 

7.35 

6.9 

6.85 

Spring 

22.3 

22.3 

25.3 

22.0 

T.A. 

Summer 

22.3 

23.5 

20.5 

23.0 

Fall 

21.0 

23.5 

16.0 

15.5 

Spring 

10.47 

10.33 

9.95 

10.05 

D.O. 

Summer 

8.67 

8.9 

8.6 

8.3 

Fall 

11.8 

9.6 

1 1.8 

12.9 

Spring 

4.3 

5.3 

5.2 

5.4 

Ca 

Summer 

5.5 

5.6 

5.5 

5.85 

Fall 

4.8 

5.6 

4.55 

4.3 

Spring 

1.97 

2.23 

2.57 

2.57 

Mg 

Summer 

2.95 

2.6 

2.25 

2.95 

Fall 

2.1 

2.5 

1.8 

1.8 

Spring 

1.6 

1.9 

2.0 

2.03 

K 

Summer 

2.27 

2.05 

2.0 

2.4 

Fall 

1.7 

2.1 

1.75 

1.6 

Spring 

0.37 

0.83 

0.61 

0.99 

no3 

Summer 

1.27 

1.2 

1.75 

1.13 

Fall 

0.15 

0.44 

0.73 

0.11 

Spring 

0.033 

0.043 

0.035 

0.068 

PO, 

Summer 

0.032 

0.026 

0.026 

0.022 

Fall 

0.026 

0.039 

0.024 

0.019 

DIVISION: 

CLASS: 

ORDER: 

FAMILY: 


FAMILY: 


FAMILY: 


ORDER: 

FAMILY: 


ORDER: 

FAMILY. 


ORDER. 

FAMILY: 


ORDER: 

FAMILY: 


ORDER: 

FAMILY. 


ORDER: 

FAMILY: 


FAMILY: 

FAMILY: 


FAMILY: 


FAMILY: 

FAMILY: 


Chlorophyta 

Chlorophyceae 

Volvocales 

Chlamydomonadaceae 

Chlamydomonas  snowii  Printz  2,  3,  4 — Sp,  Su 
Chlamydomonas  globosa  Snow  3,  4 — Su,  F 
Volvocaceae 

Eudorina  elegans  Ehr.  1,  2,  3,  4 — Su,  F 
Pandorina  morum  (Muell)  Bory  1,  2,  3,  4 — Su,  F  j 
Pleodorina  californica  Shaw  1,  2,  4 — Su 
Volvox  aureus  Ehr.  2,  3,  4 — Su 
Gonium  sociale  Warm.  2,  4 — Sp,  Su 
Palmellaceae 

Sphaerocyslis  schroeteri  Chod.  1,  3,  4 — F,  Sp 
Gleocystis  gigas  (Kutz)  Lager.  4 — Su 
Tetrasporales 
Tetrasporaceae 

Tetraspora  lamellosa  Presc.  1,  3,  4 — Sp,  F,  W 
T.  lubrica  (Roth)  Ag.  1,  3,  4 — F,  W 
Microsporales 
Microsporaceae 

Microspora  floccosa  (Vauch)  Thuret  1 , 2,  4 — Su,  F, 

W 

M.  willeana  Lager.  1,  2,  3,  4 — F,  W 
Chaetophorales 
Chaetophoraceae 

Stigeoclonium  flagelliferum  Kuetz.  1,  2,  3,  4 — Su, 

F,  W 

Aphanoehaete  repens  A.  Braun  4 — Su 
Cladophorales 
Cladophoraceae 

Cladophora  fracta  (Dillw)  Kuetz.  1,  2,  3,  4 — Su,  F, 

Sp 

C.  glomerata  (L)  Kuetz.  1,  2,  3,  4 

Pithophora  oedogonia  (Mont)  Wittr.  2,  3,  4 — Su,  F, 

Sp 

Oedogoniales 
Oedogoniaceae 
Bulbochaete  sp.  1,  2,  3,  4 — Su 
Oedogonium  sp.  1,  2,  3,  4 — Su,  F 
Chlorococcales 
Chlorococcaceae 

Chlorocoecum  humicola  (Naeg)  Raben.  3,  4 — Su 
Golenkinia  paucispina  W.  W.  1,  2,  3,  4 — Sp,  Su 
Characiaceae 

Characium  ambiguum  Herm.  2,  3,  4 — S,  F,  W 
Hydrodictyaceae 

Pediaslrum  boryanum  (Turp)  Menegh.  I.  2,  3,  4 — 

Su 

P.  duple: cMeyen  1,  2,  3,  4 — Sp,  Su 

P.  duplex  var  clathratum  (A.  Braun)  Lager.  1,  2,  3, 

4— Sp,  Su 

P.  duplex  var  reticulalum  Lager.  2,  4 — Sp,  Su 
P.  tetras  (Ehr.)  Ralfs  3,  4 — Su,  F 
P.  simplex  Lemmer.  1,  3,  4 — Su 
Coelastraceae 

Coelastrum  microsporum  Naegeli  I,  2,  3,  4 — Su,  F, 

Sp 

C.  cambricum  Archer  I,  2,  3,  4 — Su 
Botryococcaceae 

Botryococcus  sudeticus  Lemmer.  1,  2,  3 — Su 
Oocystaceae 

Chlorella  vulgaris  Beyer.  4 — Sp,  Su 
Oocystis  elliptica  W.  West  3,  4 — Su,  F 
O.  pusilla  Hansg.  1,  2,  3,  4 — Sp,  Su,  F 
Eremosphaera  viridis  DeBory  3,  4 — Su 
Treubaria  setigerum  (Archer)  G.  M.  Smith  1,  2,  3, 

4— Su,  F,  Sp 

Ankistrodesmus  convolutus  Corda  1,2,3, 4 — Su,  F, 

Sp 

A.  falcatus  (Corda)  Ralfs  1,  2,  3,  4 — Su,  F,  Sp 
Tetraedron  const rictum  G.  M.  Smith — Su,  F 
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FAMILY:  Scenedesmaceae 

Scenedesmus  quadricauda  (Turp)  Breb.  2,  3, 4 — Sp, 
Su 

S.  abundans  (Kirch.)  Chod  1,  4 — Su,  F 
S.  quadricauda  var  Westii  G.  M.  Smith  2,  3, 4 — Sp, 
Su 

S.  dimorphus  (Turp.)  Kuetz.  2,  3,  4 — Sp,  Su 
Actinastrum  hantzschii  Lager.  2,  4,  1 — Su,  F,  Sp 
Crucigenia  crucifera  (Wolle)  Collins  1, 3, 4 — Sp,  Su 
ORDER:  Zygnematales 
FAMILY:  Zygnemataceae 

Mougeolia  sp.  1,  2,  3,  4 — Sp,  Su 
Spirogyra  sp.  1,  2,  3,  4 — Su,  F,  Sp 
Zygnema  sp.  1,  2,  3,  4 — Sp,  Su 
FAMILY:  Mesotaniaceae 

Netrium  digitus  var  constritum  G.  S.  West-S.  2,  3,  4 
FAMILY:  Desmidiaceae 

Closterium  lunula  Ehr.  1,  3,  4,  F 
C.  leibleinii  Kuetz.  2,  3,  4 — Su,  F 
C.  dianae  Ehr.  1,  2,  4 — Su,  F 
C.  incurvum  Breb.  3,  4 — Su,  F,  Sp 
C.  subulatum  Kutz.  1,3,  4 — Su,  F 
Pleurotaenium  nodulosum  (Breb)  DeBory  2,  4 — Su 
Euastrum  ansatum  Ralfs.  2,  3,  4 — Su,  F 
E.  affine  Ralfs.  1,  3,  4 — Su 
Micrasterias  radiata  Hess  2,  3,  4 — Su 
M.  radiosa  Ralfs  2,  3,  4 — Su,  F 
M.  denliculata  var  angulosa  (Hantsch)  W.  &  G.  S. 
West  3,  4— Su 

Cosmarium  puntulatum  Borg.  1,  3,  4 — Su 
C.  pyramidalum  Breb.  1,  2,  3 — Su,  F 
C.  pachydermum  Lund.  2,  3,  4 — Su,  F 
C.  obtusatum  Schmidle  2,  3,  4 — Su 

C.  contractum  Kirch  3,  4 

Xanthidium  cristatum  var  uncinatum  Breb.  3,  4 — Su 
Arthodesmus  convergens  Ehr.  3,  4 — Su 
Staurastrum  americanum  2,  3,  4 — Su,  F 
S.  leptocladum  var  insinae  W.  &  G.  S.  West  3,  4 — 
Sp,  Su,  F 

Hyalotheca  dissiliens  (Smith)  Breb.  1,  3,  4 — Su,  F, 
W 

Desmidium  swartzii  Agardh.  1,  2,  3,  4 — Su,  F 

D.  baileyi  (Ralfs)  Nordst.  2,  3 — Su,  F 
CLASS:  Charopyceae 

ORDER:  Charales 
TRIBE:  Nitelleae 

Nitella  opaca  Ag.  4 — Su 
DIVISION:  Euglenophyta 
CLASS:  Euglenophyceae 
ORDER:  Euglenophyceae 
ORDER:  Euglenales 
FAMILY:  Euglenaceae 

Euglena  acus  Ehr.  1,  3,  4 — Su 

E.  proximo  Dang.  2,  4 — Su,  F 

Phacus  orbicularis  Hubner  1,  2,  4 — Su,  F 
P.  longicauda  (Ehr.)  Duj.  2,  3,  4 — Su,  F,  Sp 
Trachelomonas  hispida  (Perty)  Stein  2,  3, 4 — Su,  F, 
Sp 

DIVISION:  Pyrrophyta 
CLASS:  Dinophyceae 
ORDER:  Peridiniales 
FAMILY:  Ceratiaceae 

Ceratium  hirundinella  2,  3,  4 — Su,  F,  W 
DIVISION:  Chrysophyta 
CLASS:  Xanthophyceae 
FAMILY:  Tribonemataceae 

Tribonema  bombycinum  (Ag)  Derber  &  Sober  1,  2, 
3,  4— Su,  F,  W 
CLASS:  Chrysophyceae 
ORDER:  Chrysomonadales 
FAMILY:  Mallomomadaceae 

Mallomonas  apochromatica  Conard  2,  3 — Su,  F 


FAMILY:  Synuraceae 

Synura  uvella  Ehr.  2,  3,  4 — W,  F,  Su 
FAMILY:  Ochromonadaceae 

Dinobryon  divergens  lmhod  1-3,  4 — W,  Sp,  Su 
ORDER:  Rhizochrysidales 
FAMILY:  Rhizochrysidaceae 

Lagynion  reduclum  Press.  2-4-Su 
CLASS:  Bacillariophyceae 
ORDER:  Centrales 
FAM ILY:  Coscinodiscaceae 

Stephanodiscus  hantzschii  Cleve.  2,  3,  4,  Su,  W 
Coscinodiscus  lacustris  1 ,  3,  4 — S,  F,  W 
Melosira  granulata  (Ehr)  Ralfs  1,  2,  3,  4 — Sp,  Su, 
F,  W 

M.  varians  C.  A.  Agardh.  2,  3,  4 — S,  Sp,  F 
ORDER:  Fragilariales 

FAMILY:  Tabellariaceae 

Tabellaria  fenestrata  (Lying)  Kuetz.  2,  3,  4 — Sp, 
Su,  F,  W 

FAMILY:  Diatomaceae 

Diatoma  vulgare  Bory  1,  2,  3,  4 — Su,  W 
FAMILY:  Fragilariaceae 

Fragilaria  virescens  Ralf.  1,  2,  3 — Su,  F 
F.  crotonensis  Kitton  1,  2,  3,  4 — Sp,  F,  Su,  W 

F.  capucina  Desmer.  1,  2,  4 — Sp,  F,  Su,  W 
Asterionella  formosa  Hassal  1,  2,  3,  4 — Sp 
Synedra  rumpens  Grunow  1 , 2,  3, 4 — Sp,  Su,  F,  W 
5.  ulna  (Nitz)  Ehr.  1,  2,  3,  4— Su 

ORDER:  Eunotiales 
FAMILY:  Eunotiaceae 

Eunotia  pectinalis  (Kutz)  Raben.  1,  2,  3,  4 — Su,  F, 
W 

E.  triodon  Ehr.  1,  3,  4 — F,  W 
ORDER:  Achantales 
FAMILY:  Achnanthaceae 

Cocconeis  placentula  Ehr.  1,  2,  3,  4 — F,  W 
Achnanthes  Ianceolata  (Breb.)  Grunow  1, 2, 4 — Su, 
F,  W 

ORDER:  Naviculales 
FAMILY:  Naviculaceae 

Amphipleura  pellucida  Kuetz.  1,  2,  3 — Su,  F 
Frustulia  rhomboides  (Ehr.)  deToni  1,  2,  3,  4 — F, 
W 

Gyrosigma  acuminatum  (Sulliv)  Boyer  1,  2,  4 — Su, 
F,  W 

Pluerosigma  strigosum  W.  Smith  1 , 2, 4 — Su,  F,  W 
Stauroneis  phoenicenleron  Hust.  1,  2,  3,  4 — Su,  F, 

W 

Navicula  cuspidata  Kuetz.  1,  2,  3,  4 — Su,  F,  W 

N.  radiosa  Kuetz.  1,  2,  3,  4 — Su,  W 

N.  cryptocephala  Kuetz.  1,  2,  3,  4 — Su,  F,  W 
N.  rhynchocephala  Kuetz.  1,  2,  3,  4 — Su,  F,  W 
N.  exigua  (Greg)  O.  Miller  1,  2,  3,  4 — Su,  W 
N.  anglica  Ralfs  1,  2,  3,  4 — Su,  F,  W 
Pinnularia  biceps  Gregory  1 — 3,  4 — F,  W 
P.  major  Kuetz.  1,  2,  3,  4— Su,  F,  W 
FAMILY:  Gomphonemataceae 

Gomphonema  parvulum  Kutz.  1,  2,  3,  4 — F,  W 

G.  angustatum  (Kuetz)  Rabh.  2,  3 — Su,  F,  W 
G.  constrictum  Ehr.  Grunow  1,  2,  4 — Su,  F,  W 

FAMILY:  Cymbellaceae 

Cymbella  tumida  (Breb.)  Van  Heruck  1,  2,  3,  4 — 
Su,  F,  W 

C.  turgida  (Gregory)  Cleve.  1,  2,  4 — F,  W 
C.  parva  (Hemp)  Kirchu.  1,  2 — 4 — Su,  W 
ORDER:  Nitzschiales 
FAMILY:  Nitzschiaceae 

Nitzschia  fonticola  Grunow  1,  2,  3 — Su,  F,  W 
N.  linearis  W.  Smith  1,  2,  3,  4 — F,  W 
N.  sigma  (Kuetz)  Sm.  1,  2,  3,  4 — F,  W 
N.  acicularis  W.  Smith  1,  2,  3,  4 — F,  W 
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N.  vermecularis  (Kuetz)  Gruwno  1 — 3,  4 — Su,  F, 
W 

N.  dissipata  (Kuetz.)  Grunow  I,  2,  3,  4 — F,  W 
ORDER:  Surirellales 

FAMILY:  Surirellaceae 

Surirella  elegans  Ehr.  1 ,  2,  3 — Su,  F,  W 
S.  robusta  Cleve-Euler  3,  4 — Su,  F,  W 
5.  ovalis  Breb.  I,  2,  3,  4— Su,  F.  W 
DIVISION:  Cyanophyta 
CLASS:  Cyanophyceae 
ORDER:  Chroococcales 
FAMILY:  Chroocaccaceae 

Chroococcus  limneticus  Lemm.  2,  3,  4 — Su 
Microcystis  aeruginosa  Kuetz.  1,  2,  3,  4 — Su 
Merismopedia  glauca  (Ehr.)  Naeg.  1,  2,  3,  4 — Su, 
F,  Sp 

M.  tenuissima  Lemm.  1,  2,  3,  4 — Su,  F,  Sp 
M.  elegans  A.  Braun.  1,  2,  3,  4 — Sp,  Su 
Aphanothece  gelatinosa  (Henn)  Lemm.  3,  4 — Su 
CLASS:  Oscillatoriales 
FAMILY:  Oscillatoriaceae 

Spirulina  major  Kuetz.  1,  2 — 4 — Su 
Oscillatoria  limosa  (Roth)  C.  A.  Agardh.  3,  4 — Su, 
F 

O.  princeps  Vaucher  1,  2,  3,  4 — Su 

O.  tenuis  C.  A.  Agardh  2,  3,  4 — Sp,  Su,  F 
O.  amoena  (Kuetz)  Gomont  1,  2,  3,  4 — Su 
O.  acutissima  Kuff.  2,  3,  4 — Su,  F 
Phormidium  ambiguum  Gomont  3,  4 — Su 
Lyngbya  birgei  G.  M.  Smith  2,  3,  4 — Su,  F,  W 
FAMILY:  Nostocaceae 

Anabaena  affinis  Lemm.  2,  3,  4 — Su 
A.  limnetica  G.  M.  Smith  1,  2,  3,  4 — Su,  F 
A.  spiroides  var  crassa  Lemm.  2,  3,  4 — Su,  F 
DIVISION:  Rhodophyta 
CLASS:  Rhodophyceae 
SUP- 

CLASS:  Florideae 
ORDER:  Nemalionales 
FAMILY:  Chantransiaceae 

Audouinella  violacea  (Kuetz.)  Hammed  4 — Su,  F 
FAMILY:  Batrachospermaceae 

Batrachospermum  moniliforme  Roth  1 — F,  W 


Discussion 

Temperature — Temperature  readings  for  the  study 
stream  ranged  from  5  to  29°C.  It  was  not  possible  to 
record  the  temperature  for  each  sampling  date  at  the 
same  hours.  Some  readings  were  taken  during  the 
morning  hours  and  others  in  the  afternoon;  therefore, 
the  effect  of  temperature  as  a  limiting  factor  could 
not  be  measured  accurately.  Seasonal  variations  in 
temperature,  however,  were  noted.  A  slight  temper¬ 
ature  variation  was  observed  between  the  sampling 
stations,  when  readings  were  taken  on  the  same  dates 
as  shown  in  Table  2. 

A  seasonal  variation  in  algal  species  composition 
followed  temperature  changes.  (See  taxonomic  list). 

pH — The  pH  recorded  during  this  study  ranged 
from  6.8  to  7.8  and  was  in  the  optimum  range  for 
biological  productivity.  During  this  investigation,  23 
species  of  desmids  were  recorded,  showing  a  fairly 
good  representation  in  the  algal  population  of  the 
river.  Most  desmids  are  selective  of  a  pH  range  be¬ 
tween  5  and  7,  but  Pearsall  (1923)  pointed  out  that  the 
determining  factor  for  desmid  flora  is  the  ratio  Ca, 
Mg/Na,  K.  No  attempt  was  made  to  determine  this 
ratio;  however,  it  appears  that  after  water  entered  the 


watershed,  pH  values  did  not  limit  the  growth  and 
distribution  of  desmids. 

Dissolved  Oxygen — Dissolved  oxygen  values  ranged 
from  7.3  to  14.8  mg/1.  The  lowest  value  was  recorded 
in  the  week  following  the  flood  of  July,  1972  when 
water  was  still  high  (Table  2).  The  highest  recorded 
temperature  during  this  study  was  also  on  the  same 
date  (July  18,  1972).  During  this  investigation,  the 
river  had  two  floods,  as  shown  in  Table  2,  and  a 
decrease  in  dissolved  oxygen  values  was  observed 
during  both.  The  lowered  oxygen  concentrations  are 
brought  about  by  the  wash-in  of  organic  matter, 
scouring  of  algal  vegetation  from  the  river  bed,  and 
the  decrease  of  photosynthesis  caused  by  turbidity. 
Hynes  (1970)  has  documented  that  dissolved  oxygen 
decreases  in  certain  rivers  during  floods,  but  it  varies; 
also  in  small  streams  it  increases  due  to  turbulence. 

A  comparison  of  all  stations  on  the  same  dates  is 
shown  in  Table  2;  a  slight  variation  in  oxygen  content 
was  observed.  Relatively  higher  values  were  recorded 
at  stations  3  and  4,  which  may  be  attributed  to  com¬ 
paratively  high  photosynthetic  activity,  as  these  sta¬ 
tions  held  relatively  rich  algal  populations  as  com¬ 
pared  to  other  stations. 

During  winter  when  oxygen  concentrations  were 
high,  genera  like  Diatoma,  Gomphonema,  Eunotia, 
Achnanthes,  Draparnaldia,  and  Tribonema  were  com¬ 
mon.  These  genera  as  well  as  others  have  been  docu¬ 
mented  as  algae  with  high  respiratory  rates  (Whitford 
and  Schumacher  1963). 

Total  Alkalinity — Total  alkalinity  values  ranged 
from  15  mg/1  to  29  mg/1  (Table  1).  Low  values  were 
recorded  during  or  just  after  the  flood.  The  algal 
populations  of  the  river  were  then  greatly  reduced, 
and  only  a  few  species  were  observed,  a  result  attrib¬ 
uted  to  the  diluting  and  scouring  effect  of  the  flood. 
However,  the  water  was  well-buffered,  and  pH  read¬ 
ings  remained  close  to  neutrality. 

Calcium  and  Magnesium — Waters  containing  less 
than  50  mg/1  of  calcium  are  considered  soft,  and 
values  less  than  10  mg/1  are  considered  poor  for 
biological  productivity  (Reid  1961 ).  The  water  of  the 
Appomatox  River  is  very  soft  according  to  this  gener¬ 
alization.  Calcium  readings  for  the  river  ranged  from 
3.4  ppm  to  6.4  ppm.  Magnesium  readings  ranged 
from  1 .6  ppm  to  3.3  ppm.  A  genus  like  Chara,  which 
flourishes  in  calcareous  streams,  was  not  observed  in 
any  collection.  The  algae  of  soft  waters  are  largely 
desmids  and  certain  species  of  Chrysophyceae,  My- 
xophyceae,  and  Chlorophyceae. 

The  more  calcium  and  magnesium  in  the  water, 
other  things  being  the  same,  the  greater  the  produc¬ 
tivity  (Welch  1952).  The  water  in  this  study  would  be 
considered  unproductive.  It  is  quite  possible  that  the 
absence  of  certain  species  was  due  in  part  to  low 
calcium  and  magnesium  concentrations  in  the  river. 

Nitrogen  and  Phosphorus — Nitrogen  has  been 
placed  high  on  the  list  of  critical  elements  in  algal 
ecology.  The  amount  and  form  of  available  nitrogen 
may  determine  the  algal  community  composition. 

Nitrogen  values  ranged  from  0.05  mg/I  to  1.85 
mg/1.  An  increase  in  nitrogen  readings  occurred  after 
periods  of  rainfall  and  flooding  of  the  stream.  High 
nitrogen  values  recorded  during  summer  months 
coincided  with  a  rich  algal  flora.  Woodson  and  Holo- 
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TABLE  2 

Results  of  Water  Analysis  for  all  Stations  on  Same  Dates 


Station 

Time 

Date 

Temp  °C 

PH 

D.O.* 

T. 

Alkalinity 

Ca* 

Mg* 

K* 

N* 

P* 

I 

12:00  noon 

6-15-72 

21.0 

7.4 

8.6 

25 

5.9 

3.3 

2.3 

1.32 

.019 

2 

12:30  p.m. 

6-15-72 

21.5 

7.4 

8.6 

25 

5.9 

3.3 

2.3 

1.32 

.019 

3 

12:50p.m. 

6-15-72 

22.0 

7.5 

8.65 

25 

5.9 

3.3 

2.3 

1.32 

.019 

4 

1:15  p.m. 

6-15-72 

22.0 

7.5 

8.7 

25 

5.9 

3.3 

2.3 

1.32 

.019 

1 

3: 10  p.m. 

7-18-72 

28.0 

7.6 

7.2 

23 

5.8 

2.7 

2.3 

1.60 

.022 

2 

3:40  p.m. 

7-18-72 

29.0 

7.7 

7.3 

23 

5.8 

2.7 

2.3 

1.6 

.022 

3 

4:00  p.m. 

7-18-72 

29.0 

7.7 

7.3 

23 

5.8 

2.7 

2.3 

1.6 

.022 

4 

4:30  p.m. 

7-18-72 

29.0 

7.7 

7.3 

23 

5.8 

2.7 

2.3 

1.6 

.002 

*  Reported  in  parts  per  million  (ppm ) 


TABLE  3 

Percentage  Distribution  of  Species  by  Division 


Division 

Number 

Percentage 

Chlorophyta 

76 

50 

Euglenophyta 

5 

3.3 

Pyrrophyta 

1 

0.6 

Chrysophyta 

50 

33 

Cyanophyta 

18 

11.8 

Rhodophyta 

2 

1.3 

Totals 

152 

100 

Total  Numbers  of  Species  Recorded  at  Each  Station 

Station  §\  Station  #2 

Station  #3 

Station  #4 

96  105 

121 

148 

man  (1964)  also  reported  high  nitrogen  readings  for 
the  Appomattox  River  during  the  summer.  High  ni¬ 
trogen  concentrations  supporting  rich  algal  flora  sug¬ 
gest  that  the  temperature  changes  which  permitted 
increased  algal  population  also  permitted  increased 
bacterial  activity  which  possibly  replenished  nitrogen 
concentrations.  The  basin  of  Lake  Chesdin  drains 
farm  land  and  possibly  contributes  to  the  increase  in 
nitrogen  concentration  in  the  stream  below  the  dam. 
Some  lakes  actually  may  increase  the  nitrate  content 
of  the  downstream  waters  by  nitrogen  fixation  in  the 
reservoir  (Hynes  1970). 

Phosphorus  is  considered  the  most  critical  single 
factor  in  algal  ecology.  Phosphorus  values  ranged 
from  0.01  to  0.07  mg/1.  Phosphates  are  normally  low 
in  natural  bodies  of  water  and  because  of  a  high 
demand  for  phosphorus  in  metabolism,  it  is  utilized 
by  growing  organisms  almost  as  fast  as  it  becomes 
available.  Laboratory  experiments  confirm  that  cer¬ 
tain  algae  store  phosphorus  to  an  appreciable  extent 
if  it  is  available  in  excess  (Welch  1952). 

Potassium — Potassium  is  a  requirement  for  all  ani¬ 
mals  and  plants.  It  is  readily  taken  up  by  plants,  both 
aquatic  and  terrestrial.  Potassium  values  ranged  from 
1.4  to  2.7  ppm. 


During  this  investigation,  Nitella  was  observed 
only  once  along  the  southern  bank  of  the  river  at 
station  4. 

Effect  of  Impoundments — The  impoundments  of 
the  drainage  basin  influence  the  stream  ecology  to  a 
great  extent.  Dams  produce  a  slack  water  area  by 
reducing  the  current;  the  depth  is  increased  and  op¬ 
portunities  for  plankton  development  are  generally 
improved.  The  slow  movements  of  water  provide  suf¬ 
ficient  time  for  the  development  of  large  algal  popu¬ 
lations  (Welch  1952). 

The  dam  at  station  4  provided  conditions  con¬ 
ducive  to  the  development  of  algal  communities,  and 
the  number  of  species  was  greater  there  than  at  other 
stations. 


Summary 

During  this  investigation  152  species  of  algae  were 
identified  from  four  stations  on  the  Appomattox 
River.  The  distribution  of  species  by  division  is  given 
in  Table  3,  together  with  the  numbers  of  species 
recorded  from  each  station.  The  summer  flora,  which 
was  very  rich,  was  dominated  by  members  of  the 
Chlorophyta.  In  the  winter,  when  the  flora  was  poor, 
the  Chrysophyta  were  relatively  abundant. 
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Racial  Differences  in  Attitudes  toward  Population  Control  and 
Overpopulation  as  an  Abstract  Problem 


Abstract — Groups  of  57  and  65  black  college  students  were 
compared  with  groups  consisting  of  74  white  non-students  and  80 
white  college  students  on  attitudes  toward  population  control,  the 
relationship  between  population  control  and  racial  attitudes,  and 
the  perception  of  overpopulation  as  an  abstract  problem.  Results 
showed:  (a)  Blacks  were  generally  less  likely  to  favor  population 
control,  (b)  Blacks  were  more  likely  to  believe  that  population 
control  is  synonymous  with  racial  genocide  (p  <  .001 ),  (c)  among 
Whites  favorable  attitude  toward  Blacks  was  associated  with  fa¬ 
vorable  attitude  toward  population  control,  (d)  90%  or  more  of 
both  black  and  white  Ss  perceived  the  population  problem  ab¬ 
stractly,  and  (e)  Blacks  perceived  the  problem  more  abstractly 
than  Whites.  Explanations  were  offered  for  conflicting  results  of 
previous  studies. 

There  is  a  controversy  among  population  research¬ 
ers  as  to  whether  Blacks  are  less  inclined  to  support 
population  control  than  Whites.  Barnett  (1972) 
found  race  to  be  useless  as  a  predictor  of  differences 
in  attitudes  toward  population  control.  McCutcheon 
(1974)  found  that  Blacks  averaged  about  one  stand¬ 
ard  deviation  below  the  mean  of  a  scale  on  which 
high  scores  reflect  favorable  attitudes  toward  popu¬ 
lation  control.  Unfortunately,  the  small  sample  of 
Blacks  (n  =  6)  rendered  any  conclusions  premature. 
In  some  cases  it  has  appeared  as  though  Blacks  gener¬ 
ally  want  slightly  fewer  children  than  Whites,  al¬ 
though  they  tend  to  have  more  (Jafle  and  Guttma- 
cher  1968;  Westoflf  and  Westoflf  1968).  Since  there 
seems  to  be  a  much  higher  incidence  of  unwanted 
childbirths  in  the  black  community,  it  should  follow 
that  Blacks  would  be  desirous  of  birth  control  clinics 
in  order  to  reduce  or  eliminate  this  problem.  How¬ 
ever,  many  Blacks  are  quite  suspicious  of  family  plan¬ 
ning  programs  initiated  by  Whites  (Willie  1971). 
Blacks  are  also  less  likely  than  Whites  to  view  both 
the  United  States  and  the  world  population  growth 
rates  as  serious  (Barnett  1973;  Buckhout  1972).  The 
present  research  attempts  to  resolve  this  issue  by 
comparing  two  samples  of  Whites  and  two  samples  of 
Blacks  on  attitudes  toward  population  control.  The 
imbalance  of  evidence  suggests  that  Whites  will  favor 
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population  control  to  a  significantly  greater  degree 
than  Blacks. 

The  primary  reason  given  for  black  opposition  to 
population  control  is  the  fear  of  racial  genocide 
(Buckhout  1972;  Fawcett  1970;  Willie  1971);  Blacks 
are  concerned  about  the  possibility  of  a  general  plan 
to  reduce  or  eliminate  the  black  population  (Norton 
1973;  Turner  and  Darity  1971 ).  Genocidal  fears  have 
been  aroused  where  white  middle  class  social  workers 
or  people  operating  birth  control  clinics  in  poor 
neighborhoods  have  pressured  women  to  accept  birth 
control  services  (Ehrlich,  Ehrlich,  and  Holdren 

1973) .  Belief  that  population  control  is  a  form  of 
racial  genocide  has  been  found  in  all  segments  of  the 
black  community  (Buckhout  1972;  Darity,  Turner, 
and  Thiebaux  1971;  Turner  and  Darity  1971;  Willie 
1971 ).  On  the  other  hand,  some  see  the  government’s 
population  program  as  basically  designed  to  afford 
for  the  poor  the  same  access  to  contraceptives  and 
birth  control  information  that  the  richer  segments  of 
the  population  already  have  (Ehrlich,  Ehrlich,  and 
Holdren  1973;  Norton  1973).  It  could  also  be  argued 
that  those  who  do  favor  population  control  would  be 
likely  to  be  favorably  disposed  toward  Blacks,  since 
both  positions  call  for  social  change.  There  are  few 
data  (but  see  Kammeyer,  Yetman,  and  McClendon 

1974)  either  to  justify  or  to  alleviate  the  fears  of  those 
who  see  population  control  as  synonymous  with  ra¬ 
cial  genocide.  The  present  study  is,  in  part,  an  at¬ 
tempt  to  determine  the  validity  of  those  fears  and  the 
extent  to  which  they  are  prevalent,  by  examining  the 
relationship  between  attitudes  toward  Blacks  and  at¬ 
titudes  toward  population  control  among  Whites  and 
by  asking  both  black  and  white  Ss  if  “Population 
control  is  a  plan  to  reduce  the  size  of  the  black 
population.”  It  was  predicted  that  Blacks  would  be 
more  likely  than  Whites  to  agree  that  population 
control  is  a  devious  plan.  It  was  also  predicted  that 
favorable  attitudes  toward  population  control  among 
Whites  would  be  weakly  associated  with  favorable 
attitudes  toward  Blacks.  For  Blacks,  it  was  predicted 
that  favorable  attitudes  toward  population  control 
would  be  weakly  associated  with  favorable  attitudes 
toward  Whites. 

There  has  been  some  controversy  as  to  whether  the 
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population  problem  is  abstractly  perceived.  The  con¬ 
troversy  centers  around  the  notion  that  there  is  on  the 
one  hand,  the  relatively  abstract  attitude  that  a  popu¬ 
lation  problem  generally  exists.  On  the  other  hand, 
there  appears  to  be  a  lack  of  realization  that  popu¬ 
lation  growth  is  a  direct  threat  to  each  family  and  will 
remain  so  until  people  accept  personal  responsibility 
for  it  (Barnett  1969;  Brackbill  1971).  Barnett  (1970) 
and  Corman  and  Schaefer  (1973)  found  that  peoples’ 
attitudes  toward  overpopulation  were  not  necessarily 
related  to  their  feelings  of  personal  responsibility  to¬ 
ward  the  matter.  Fischer  (1971)  found  only  moderate 
correlations  (-.37,  -.25,  -.15)  among  subgroups  on 
preferred  family  size  and  concern  about  over¬ 
population.  Crawford  (1973)  found  that  only  five 
percent  of  his  5 s  felt  that  one  of  the  advantages  of 
birth  control  is  the  alleviation  of  overpopulation. 
Buckhout  (1972)  found  that  “In  comparing  the  re¬ 
sponses  of  subjects  .  .  .  on  .  .  .  abstract  population 
control  proposals  to  their  personal  inclinations  in 
practicing  birth  control,  there  is  a  gap  which  suggests 
that  it  is  all  right  for  ‘them’  to  be  controlled  (p.  23).” 
On  the  other  hand,  Fischer  (1972)  found  a  correla¬ 
tion  of  .70  between  attitudes  favoring  population  lim¬ 
itation  and  intention  to  have  a  small  family  and 
McCutcheon  (1974)  found  a  significant  relationship 
between  attitudes  toward  population  control  and 
number  of  children  expected.  In  spite  of  this,  the 
weight  of  evidence  favors  the  prediction  that  5s  will 
express  significantly  greater  support  for  statements 
that  indicate  that  population  is  a  problem  than  for 
statements  calling  for  immediate  action. 

There  is  indirect  evidence  that  abstract  attitudes 
toward  population  control  are  related  to  black  oppo¬ 
sition  to  population  control.  The  Gallup  Organiza¬ 
tion  in  1965  and  1967  found  that  even  though  people 
generally  saw  the  population  growth  rate  in  the 
United  States  as  serious,  there  was  a  strong  tendency 
to  see  each  of  three  other  problems  (crime,  racial 
discrimination,  and  poverty)  as  even  more  serious 
(American  Attitudes  on  Population  Policy,  1968). 
Since  these  problems  affect  Blacks  more  so  than 
Whites,  it  is  conceivable  that  Blacks  may  see  over¬ 
population  as  relatively  abstract  in  relation  to  racial 
discrimination  (real  or  perceived),  poverty,  crime, 
unemployment,  housing,  and  other  problems  more 
crucial  to  immediate  survival.  In  addition.  Blacks 
could  see  themselves  as  relatively  powerless  to  effect 
change  because  of  a  perceived  inability  to  influence  a 
national  policy  on  population  growth.  They  may  also 
see  population  control  largely  as  a  problem  of  the 
white  majority.  Thus,  in  the  present  study  it  was 
predicted  that  Blacks  would  be  even  less  inclined  to 
view  the  population  problem  as  a  matter  of  personal 
responsibility  than  Whites. 

Method 

Subjects — Participants  in  the  present  study  were 
samples  of  black,  general  psychology  students  at  a 
predominantly  black  two-year  college  in  Washing¬ 
ton,  D.C.,  and  white  general  psychology  and  sociol¬ 
ogy  students  at  a  two-year  college  in  suburban  north¬ 
ern  Virginia.  The  former  sample  included  38  females 
while  the  latter  included  44  females.  Supplementary 
data  were  collected  from  black  psychology  students 


at  a  predominantly  black  four-year  college  in  south¬ 
ern  Virginia,  and  a  non-student  sample  of  whites 
from  six  middle  and  upper-middle  class  neighbor¬ 
hoods  in  Fairfax  County,  Virginia  and  Prince 
Georges  County,  Maryland.  Table  1  contains  the 
sample  sizes  and  means  for  age,  father’s  education, 
and  scores  on  the  Population  Opinion  Poll  for  each 
sample. 

Attitudinal  Measures — All  5s  filled  out  the  Popu¬ 
lation  Opinion  Poll  (POP),  a  seven-choice  30-item 
Likert-type  attitude  scale,  the  development,  reliabil¬ 
ity,  and  validity  of  which  has  been  described  else¬ 
where  (McCutcheon  1974)2.  A  thirty-first  item,  “Pop¬ 
ulation  control  is  a  plan  to  reduce  the  size  of  the 
black  population,”  was  presented  to  all  but  the  four- 
year  college  Blacks.  Data  were  collected  from  the 
latter  sample  before  the  decision  was  made  to  include 
item  31.  Responses  to  this  item  were  scored  sepa¬ 
rately.  The  front  page  of  the  POP  asked  for  personal 
information  about  each  5  but  several  5s  in  each 
group  left  one  or  more  informational  items  blank. 

An  abstraction  index  was  devised  in  order  to  com¬ 
pare  each  5’s  abstract  beliefs  about  population  con¬ 
trol  with  her  or  his  personal  intention  to  do  some¬ 
thing  about  it.  The  latter  was  defined  broadly  to 
include  support  for  abortion  and  laws  that  would 
tend  to  restrict  population  growth,  as  well  as  support 
for  the  direct  limitation  of  family  size.  Responses  to 
four  POP  items  calling  for  strong  and  immediate 
action  were  compared  with  four  abstract  items  also 
taken  from  the  POP  (see  Table  2).  The  abstract  items 
allowed  for  recognition  that  there  is  a  population 
problem  without  suggesting  the  immediacy  of  it  or 
the  willingness  of  the  respondent  to  act.  Each  5’s 
abstraction  index  was  determined  by  subtracting  the 
score  on  the  abstract  items  from  the  score  on  the 
action  items.  A  remainder  of  zero  indicated  perfect 
consistency  between  perception  of  the  population 
problem  and  willingness  to  take  action. 

Black  5s  from  the  predominantly  black  two-year 
school  also  filled  out  a  14-item,  seven-choice,  Likert- 
type  scale  called  Attitudes  Toward  Whites.  This  scale 
consisted  of  items  culled  from  two  attitude  scales 
described  by  Shaw  and  Wright  (1967)  as  “reasonably 
valid”  (p.  395)  and  “satisfactory”  (p.  411),  and  the 
Desegregation  (D)  Scale  (Holtzman  &  Young,  1966). 
Items  4,  14,  and  36  from  Form  A  and  items  6  and  36 
from  Form  B  of  the  Scale  to  Measure  Attitudes  To¬ 
ward  Defined  Groups  were  used  in  Attitudes  Toward 

2  The  scale  is  on  file  as  Document  NAPS-02379.  Order  from  Microfiche 
Publications,  305  East  46th  Street,  New  York,  N.Y.  10017.  Remit  $1.50  for 
microfiche  or  $5.00  for  photocopy. 


TABLE  1 

A  comparison  of  subjects  on  sample  size,  age,  father’s  education, 
and  POP  scores 


Group 

n 

Age 

Father’s 

Education 

POP 

Scores 

Black 

Two-year 

57 

25.36 

9.76 

121.47 

Four-year 

65 

19.38 

— 

134.14 

White 

Two-year 

80 

25.39 

13.34 

148.25 

Non-students 

74 

34.59 

12.97 

140.50 
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table  2 

Items  used  in  the  abstraction  index 


Item  No.  and  Content 

Abstract  vs.  Action 

3 

Abortion  should  be  used  to  help  prevent 
overpopulation 

Action 

5 

Our  government  should  pass  a  law  restrict¬ 
ing  the  number  of  children  per  family 

Action 

6  The  present  population  of  the  U  nited  States 
is  not  creating  a  strain  on  the  ecology11 

Abstract 

10 

As  compared  with  other  national 
problems.lhe  population  problem  is 
relatively  unimportant8 

Abstract 

13 

Most  of  the  large  cities  in  the  United 

States  are  already  overpopulated 

Abstract 

15 

Adults  should  have  as  many  children  as 
they  are  able  to  provide  for8 

Action 

24 

World  population  is  currently  increasing 
too  quickly 

Abstract 

29 

The  government  should  stop  giving  tax 
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Whites.  Items  2,  4,  5,  6,  8,  10,  and  14  from  the  Anti¬ 
white  scale,  and  items  46  and  51  from  the  D  Scale 
were  also  used.  It  was  necessary  to  modify  slightly 
some  items  for  the  sake  of  clarity  and  to  update 
others.  For  example,  the  term  “black"  was  used  in 
place  of  “colored”  or  “negro".  All  items  were  re¬ 
versed  by  interchanging  the  terms  “black"  and 
“white”  to  form  the  Attitudes  Toward  Blacks  scale. 
The  scales  were  identical  otherwise.  High  scores  on 
both  scales  indicated  that  respondents  were  highly 
prejudiced. 

Procedure — The  Attitudes  Toward  Whites  scale 
and  the  POP  were  administered  to  black  5s  at  the 
predominantly  black  two-year  school.  The  tester,  a 
black  woman,  told  5 s  that  she  was  working  on  two 
research  projects  at  the  same  time  and  that  she  would 
appreciate  it  if  they  would  fill  out  both  question¬ 
naires.  Five  people  refused  to  participate  and  data 
were  collected  from  four  whites.  White  5s  were  given 
Attitudes  Toward  Blacks  but  their  data  were  later 
discarded  because  of  the  small  n.  Attitudes  Toward 
Blacks  and  the  POP  were  given  to  white  5s  at  the 
predominantly  white  two-year  school.  The  testers 
were  three  white  males  who  individually  presented 
the  same  information  and  the  same  request  as  the 
black  tester  to  live  classes.  In  neither  case  was  there 
any  clue  given  that  would  lead  5s  to  believe  that 
responses  to  the  two  instruments  were  related.  There 
were  four  black  5s  in  the  latter  sample;  these  individ¬ 
uals  filled  out  Attitudes  Toward  Whites  but  their  data 
were  also  discarded. 

Black  5s  at  a  predominantly  black,  four-year  col¬ 
lege  were  given  the  POP  to  fill  out  in  class  by  their 
black  male  instructor.  Data  from  these  5s  were  col¬ 
lected  before  the  decision  to  use  Attitudes  Towards 
Blacks.  A  primarily  non-student  sample  of  whites 
from  Washington.  D.C.'s  suburbs  were  asked  to  fill 
out  the  POP  and  Attitudes  Toward  Blacks.  Contacts 
were  made  by  four  male  and  two  female  student 
interviewers  who  went  to  every  third  home  and  ad¬ 
ministered  both  instruments  in  the  same  way  that 
they  were  administered  to  the  student  samples.  Sev¬ 


eral  residents  were  not  home  and  26  refused  to  partic¬ 
ipate.  Interviewers  were  briefed  about  the  study  after 
they  had  collected  their  data.  The  Marlowe-Crowne 
Social  Desirability  Scale  (Crowne  &  Marlowe  1960) 
and  Attitudes  Toward  Blacks  were  administered  to 
an  additional  sample  of  general  psychology  students 
from  the  predominantly  white  two-year  school.  This 
was  done  in  order  to  obtain  an  estimate  of  the  extent  ; 
to  which  white  5s  were  understating  their  negative 
views  toward  Blacks  because  it  might  be  socially  de¬ 
sirable  to  appear  unprejudiced. 

Results  and  Discussion 

An  F  test  showed  that  groups  were  significantly  | 
different  on  age  (F  =  40.98,  df  =  3/271,  P  <  .001 ).  i 
Duncan’s  multiple-range  test  showed  that  black  four-  j 
year  students  were  significantly  younger  and  white  i 
non-students  significantly  older  than  the  other  groups 
(P  <  .001 ).  Subjects  from  the  black  two-year  college  ' 
were  well-matched  with  5s  from  the  white  two-year 
college  on  age  and  education,  but  Blacks  reported 
significantly  fewer  years  of  schooling  for  their  fathers  : 
(df  =  125,  P  <  .001)  than  their  white  counterparts.  j 

The  POP  score  means  for  all  four  groups  can  be 
found  in  Table  1 .  An  Ftest  revealed  highly  significant 
differences  (F  =  20.87,  df  =  3/372,  P  <  .001 )  among 
groups.  Individual  t  tests  showed  that  both  black  | 
samples  scored  significantly  lower  than  the  white  stu¬ 
dent  sample  (both  probabilities  well  beyond  .001), 
the  black  two-year  students  scored  significantly  lower 
than  the  white  non-students  {P  <  .001),  black  sam¬ 
ples  were  significantly  different  from  each  other  (P  < 
.001),  and  white  samples  also  differed  significantly 
from  each  other  (P  <  .05).  When  5s  from  the  white 
two-year  school  were  matched  on  father's  education 
with  5s  from  the  black  two-year  school  and  the  non¬ 
student  5s  it  became  evident  that  race  was  still  an 
important  determinant  of  POP  scores  {F  =  9.99,  df  = 
2/96,  P  <  .001).  Duncan’s  multiple-range  test  re¬ 
vealed  that  the  two  white  samples  were  not  signifi¬ 
cantly  different  from  each  other,  but  both  scored 
significantly  higher  ( P  <  .001 )  than  the  black  group. 

The  data  generally  support  the  hypothesis  that 
Blacks  are  less  inclined  to  favor  population  control 
than  Whites.  It  is  difficult  to  explain  the  significant 
differences  between  groups  of  the  same  race.  Perhaps 
the  difference  between  the  black  groups  can  be  attri¬ 
buted  to  age  or  father’s  education,  while  age  and 
father's  education  probably  account  for  a  large  pro¬ 
portion  of  the  difference  between  white  groups. 
Maybe  a  greater  desire  for  social  change  on  the  part 
of  urban  Blacks  accounts  for  the  difference  between 
black  groups  while  the  white  student  group  desired 
social  change  more  than  it's  non-student  counterpart. 
For  Whites,  it  may  be  that  a  desire  for  social  change 
results  in  higher  POP  scores,  for  the  Blacks  it  may 
mean  a  rejection  of  white  values,  hence  lower  scores. 

Blacks  were  much  more  inclined  to  agree  that 
“population  control  is  a  plan  to  reduce  the  size  of  the 
black  population.”  When  scores  on  response  cate¬ 
gories  indicating  three  levels  of  agreement  with  the 
statement  were  combined.  Blacks  from  the  two-year 
institution  showed  49.1%  agreement  as  compared 
with  6.41%  agreement  among  white  students  and 
2.7%  among  white  non-students.  Overall,  the  differ- 
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ence  among  groups  on  responses  to  this  item  was 
highly  significant  (F  =  67. 14,  df  =  2/205,  P  <  .001 ), 
with  /  tests  showing  that  the  black  two-year  students 
were  significantly  more  likely  to  agree  with  the  state¬ 
ment  than  both  the  white  two-year  students  (P  < 
.001 )  and  the  white  non-students  {P  <  .001 ).  The  two 
white  groups  did  not  differ  significantly  from  each 
other. 

In  light  of  the  fact  that  an  earlier  study  found  28% 
agreement  among  Blacks  that  “Encouraging  Ameri¬ 
can  blacks  (sic)  to  use  birth  control  is  comparable  to 
trying  to  eliminate  this  group  from  society”  (Turner 
&  Darity,  1971),  the  49%  agreement  on  a  similar  item 
is  viewed  as  mildly  surprising  and  possibly  indicative 
of  an  increase  in  the  fear  of  racial  genocide. 

The  relationship  between  POP  scores  and  scores  on 
Attitudes  Toward  Blacks  was  -.25  (df  =  78,  P  <  .05) 
for  the  two-year  students  and  -  .18  (df  =  72,  NS)  for 
the  non-student  sample.  The  possibility  that  scores 
on  Attitudes  Toward  Blacks  might  have  been  in¬ 
fluenced  by  social  desirability  was  measured  by  giving 
Attitudes  Toward  Blacks  and  the  Marlowe-Crowne 
Social  Desirability  Scale  (1960)  to  21  students  from 
the  predominantly  white,  two-year  school.  A  correla¬ 
tion  of  .00  resulted,  suggesting  that  at  least  for  the 
white  students  there  was  no  tendency  to  evaluate 
Blacks  favorably  because  it  was  perceived  as  socially 
desirable  to  do  so.  For  Blacks  at  the  two-year  school, 
the  relationship  between  POP  scores  and  scores  on 
Attitudes  Toward  Whites  was  -.04  (df  =  55,  NS). 

If  there  were  any  widespread  plot  to  eliminate 
Blacks,  then  one  would  expect  to  find  that  those  who 
favor  population  control  the  most  would  also  have  an 
unfavorable  attitude  toward  Blacks.  The  fact  that  the 
observed  relationships,  however  weak,  were  in  the 
opposite  direction,  further  denies  the  validity  of  the 
idea  that  there  is  a  general  plan  to  eliminate  the  black 
population.  Instead,  the  results  are  more  consistent 
with  the  idea  that  those  who  advocate  a  change  in  the 
population  growth  rate  also  tend  to  prefer  societal 
change  for  the  benefit  of  minorities.  On  the  other 
hand,  these  data  do  not  dismiss  the  possibility  that  a 
handful  of  powerful  people  with  racist  views  could 
instigate  a  policy  of  racial  genocide  under  the  guise  of 
birth  control  services  for  the  poor. 

Table  3  shows  that  the  overwhelming  majority  of 
Ss  in  all  four  groups  expressed  greater  support  for 
statements  that  indicate  that  population  is  a  problem 
than  for  statements  calling  for  immediate  action.  It 
should  be  noted  that  within-subject  discrepancies 
were  not  extremely  high  for  most  S s,  but  the  data 
clearly  support  Barnett’s  (1970)  contention  that  the 
population  problem  is  abstractly  perceived,  and  deny 
his  prediction  that  by  the  mid-seventies  this  phenom¬ 
enon  would  largely  disappear.  Furthermore,  the  op¬ 
posite  finding  obtained  by  Fischer  (1972)  is  probably 
the  result  of  the  overlapping  nature  of  the  items  in  his 
categories  “concern  about  overpopulation"  and  “in¬ 
tention  to  have  a  small  family.”  What  Fischer  appar¬ 
ently  failed  to  consider  is  that  intention  to  limit  the 
size  of  one's  own  family,  while  important,  is  not  the 
only  way  to  accept  personal  responsibility  for  the 
population  problem.  Two  other  ways  are  to  have  only 
one  or  two  children  and  adopt  some,  or  to  support 
governmental  tax  incentives  for  family  size  limita- 


I'ABLE  3 

Comparison  of  subjects  who  did  not  perceive  overpopulation  as  an 
abstract  problem 


Group  comparisions 

No.  of  5s 
per  group 

%  of  Ss 
per  group 

Differences 

Black  two-year  students/ 
black  four-year  students 

3/2 

5. 3/3.0 

2.3 

Black  two-year  students/ 
white  two-year  students 

3/8 

5.3/10.0 

-4.7 

Black  two-year  students/ 
white  non-students 

3/7 

5.3/9. 5 

-4.2 

White  non-students/ 
black  four-year  students 

7/2 

9.5/3 

6.5** 

White  non-students/ 
white  two-year  students 

7/8 

9.5/10 

-.5 

Black  four-year  students/ 
white  two-year  students 

2/8 

3/10 

-7* 

*  P  <  .02 
**  P  <  .05 


tion.  Fischer  included  items  in  his  attitude  inventory 
which  tapped  both  of  these;  unfortunately,  they  both 
appeared  under  the  “concern”  rather  than  the  “in¬ 
tention”  category  (p.  954).  A  third  item  under  the 
“concern”  heading,  “It  is  a  serious  mistake  to  have  a 
large  family  nowadays,”  at  least  implies  the  intention 
to  limit  one’s  own  family  (p.  954).  With  this  kind  of 
overlap  it  is  not  surprising  that  Fischer  found  rela¬ 
tively  little  abstract  perception  of  the  problem. 

Table  3  shows  that  the  proportion  of  Black  four- 
year  students  who  did  not  perceive  overpopulation  as 
an  abstract  problem  was  significantly  lower  than  the 
proportion  for  both  white  groups.  The  other  differ¬ 
ences  were  nonsignificant  but  directionally  consistent 
with  the  research  hypothesis.  Furthermore,  a  more 
powerful  statistic,  applied  to  abstraction  index 
scores,  revealed  highly  significant  differences  (F  = 
6.54,  df  =  3/272,  P  <  .001),  which  added  further 
support  to  the  research  hypothesis.  Individual  t  tests 
revealed  that:  black  four-year  students  had  signifi¬ 
cantly  higher  index  scores  than  the  white  students  (P 
<  .001 )  and  the  white  non-students  (P  <  .01 );  black 
two-year  students  had  significantly  higher  index 
scores  than  the  white  students  (P  <  .01 )  and  the  white 
non-students  {P  <  .05);  the  black  groups  were  not 
significantly  different  from  each  other,  and  neither 
were  the  white  groups. 

It  would  appear,  at  least  among  educated  Blacks  of 
child-bearing  age,  that  overpopulation  is  more  likely 
to  be  perceived  as  an  abstract  problem  than  it  is 
among  young  Whites.  If  the  cause  of  the  difference  is 
a  feeling  of  powerlessness,  then  less-educated  Blacks 
might  be  expected  to  perceive  the  problem  even  more 
abstractly,  since  their  lack  of  education  would  de¬ 
crease  the  probability  of  ascendance  to  a  position  of 
power. 

One  weakness  in  the  present  study  is  the  sub¬ 
jectivity  involved  in  the  selection  of  items  for  the 
abstraction  index.  This  leaves  open  the  possibility 
that  subjects  may  have  responded  to  the  extremity  of 
the  statements  as  well  as  their  substance.  It  means 
that  the  general  finding  that  subjects  tended  to  per- 
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ceive  overpopulation  abstractly  is  open  to  question, 
although  it  should  not  affect  the  racial  comparison 
based  on  the  index. 
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Crystal  Field  Stabilization  Energies:  Weak  and  Strong  Field 
Treatments 


Several  excellent  papers  dealing  with  various  as¬ 
pects  of  crystal  field  theory  have  been  published  by 
Carlin  (1963),  Zuckerman  (1965),  Kettle  (1969), 
Krishnamurthy  and  Schaap  (1970),  Companion  and 
Komarynsky  (1964)  and  Cotton  (1964),  and  there  are 
a  number  of  excellent  treatments  of  CFT  in  standard 
textbooks  for  that  subject  such  as  Ballhausen  (1966), 
Figgis  (1966),  Kettle  (1969),  Griffith  (1961),  and  Or- 
gel  (1960).  The  reader  who  would  like  a  mathemati¬ 
cally  non-rigorous  introduction  to  CFT,  however, 
sometimes  must  resort  to  oversimplified  treatments 
which  may  lead  to  a  misconception  of  the  basic  defi¬ 
nition  of  crystal  field  splitting  and  an  incomplete 
understanding  of  the  meaning  of  weak  and  strong 
crystal  fields. 

A  fundamental  problem  with  many  treatments  of 
CFT  is  that  only  strong  crystal  fields  are  studied,  and 
unfortunately  the  reader  comes  away  with  the  idea 
that  “orbitals”  are  always  split  as  if  they  were  in  a 
strong  field.  As  will  be  seen  later,  this  erroneous  belief 
not  only  limits  one’s  understanding  of  crystal  field 
splitting  diagrams,  but  also  leads  to  the  (sometimes) 
incorrect  calculation  of  crystal  field  stabilization 
energies  in  weak  crystal  fields. 

When  a  crystal  field  acts  on  a  metal  ion  it  is  neces¬ 
sary  to  consider  the  relative  importance  of  the  forces 
working  within  the  metal  ion  and  the  forces  working 
on  the  metal  ion  (crystal  field).  Assuming  that  Russell- 
Saunders  coupling  is  less  important  than  inter- 
electronic  repulsions  and  the  crystal  field  potential, 
two  extreme  cases  can  be  envisioned:  (1)  the  crystal 
field  forces  are  much  weaker  than  the  interelectronic 
repulsion  forces  (weak  field  approximation);  (2)  the 
crystal  field  forces  are  much  stronger  than  the  inter¬ 
electronic  repulsion  forces  (strong  field  approxima¬ 
tion  ). 

Weak  Field  Limit 

A  free  metal  ion  is  under  the  influence  of  two  major 
perturbations  in  the  absence  of  a  crystal  field.  The 
magnitude  of  these  two  perturbations  must  be  com¬ 
pared  with  the  magnitude  of  the  cubic  potential,  Vc2 

1  In  this  paper,  cubic  refers  to  octahedral,  tetrahedral  or  cubic  geometries. 
Va.  J.  Sci.  27:15-19  Spring  1976 


The  weak  field  limit  can  be  defined  as  the  case  where 
f  (r)T  •  ^  <  Vc.  <  e2/r12. 

The  quantities  f  (r)  /  -^and  e2/ri2  are  the  spin-orbit 
coupling  term  and  the  interelectronic  repulsion  term, 
respectively,  arising  from  the  expression  for  the  free- 
ion  Hamiltonian.  If  it  is  assumed  that  Vc  is  much 
smaller  than  the  interelectronic  repulsion  energies,  all 
that  need  be  considered  is  how  the  various  terms 
resulting  from  interelectronic  repulsions  are  split  by 
the  crystal  field.  As  an  example  of  such  a  situation, 
consider  a  d2  system,  e.g.  Ti2+.  Because  of  inter¬ 
electronic  repulsions  the  two  d  electrons  produce 
both  singlet  (S  =  0)  terms  and  triplet  (S  =  1 )  terms.  In 
addition,  S,  P,  D,  F  and  G  terms  arise  because  of 
angular  momenta  coupling  (Figure  1).  From  Hund’s 
rule,  the  ground  term  is  3F  (Table  1),  which  is  split2 
by  a  weak  crystal  field  according  to  Figure  2.  It 
should  be  emphasized  that  the  manner  in  which  a 
given  term  splits  in  a  crystal  field  is  not  dependent 
solely  on  the  term  itself,  but  also  on  the  configuration 
from  which  the  term  is  derived.  For  example,  al¬ 
though  both  d2  and  d8  configurations  give  rise  to  3F 
terms  (Table  1),  the  order  of  splitting  of  3F(d8)  is 
inverted  relative  to  the  splitting  in  Figure  2.  This  can 
be  easily  understood  by  invoking  the  “hole  formal¬ 
ism”  concept.  Since  splitting  of  orbitals  (or  terms)  in 
a  crystal  field  comes  about  because  of  electrostatic 
repulsions,  the  crystal  field  would  be  expected  to  have 
exactly  opposite  effects  on  negative  and  positive 
charges.  By  considering  a  d2  system  as  two  negative 
charges  in  the  d  orbitals  and  the  d8  system  as  two 
positive  charges  (there  are  two  “holes"  not  occupied 
by  electrons),  it  is  easy  to  see  why  the  order  of  split¬ 
ting  for  d2  and  d8  is  reversed. 

Now  that  the  splitting  of  F  terms  in  crystal  fields 
has  been  considered,  it  is  appropriate  to  consider  how 
other  terms  split  in  cubic  fields.  The  appropriate 
splittings  are  listed  in  Table  2.  Since  free-ion  terms 
are  split  by  the  crystal  field,  it  is  obvious  that  the 


2  Details  concerning  the  origin  and  derivation  of  the  splitting  can  be  found 
in  Ballhausen  (1966)  and  Figgis  ( 1966). 
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's 


(a)  (b)  (c) 

Fig.  1 — Splitting  of  a  d2  free-ion  configuration  (a)  by  spin  (b)  and 
orbital  (c)  angular  momentum  coupling. 


quantum  number  L  which  is  used  to  designate  the 
free-ion  terms  can  no  longer  be  used  to  identify  the 
levels  which  exist  in  the  crystal  field.  For  this  reason, 
the  levels  listed  in  Table  2  are  identified  by  group 
theoretical  labels.  It  is  sufficient  at  this  point  to  note 
that  levels  labeled  A  (or  B)  are  non-degenerate;  E 
levels  are  doubly  degenerate;  levels  labeled  T  are 
triply  degenerate.  Thus,  the  levels  arising  from  3F(d2) 
in  Fig.  2  can  be  labeled  3A2, 3Ti  and  3T2,  at  -I-  12  Dq, 
+2  Dq  and  —6  Dq,  respectively. 

The  difference  in  energy  between  the  lowest  level  of 
a  term  in  a  crystal  field  and  the  baricenter  (center  of 
gravity)  of  the  term  in  the  crystal  field  is  defined  as 
the  Crystal  Field  Stabilization  Energy  (CFSE).  Al¬ 
though  the  CFSE  is  often  used  to  explain  relative 


TABLE  1 

Terms  Resulting  from  dn  Configurations  ( The  Term  Listed  on  the 
Far  Left  is  the  Ground  Term). 

Configuration  Resulting  Terms 

d\d*  2D 

d2,  d8  3F,  3P,  ‘G,  ‘D,  'S 

d3,  d7  4F,4P,2H,2G,2F,22D,2P 

d4,  d6  5D,  3H,  3G,  23F,  3D,  23P,  ‘I,  2‘G, 

‘F,  2'D,  2‘S 

d5  6S,4G,4F,4D,4P,2I,2H,22G, 

22F,  32D,  2P,  2S 


Fig.  2 — Splitting  of  the  3F  term  (from  d2)  in  an  octahedral  field. 
The  number  above  each  level  indicates  the  orbital  degeneracy. 


stabilities  of  transition  metal  complexes,  there  are 
many  other  factors  which  determine  the  final  energy 
of  a  transition  metal  complex,  for  example  the  bond¬ 
ing  energy  between  the  ligands  and  the  metal,  and 
interelectronic  repulsions.3  The  CFSE  can  easily  be 
determined  once  the  splitting  pattern  for  a  given  term 
is  known.  Thus,  the  CFSE  for  a  d2  system  in  a  weak 
octahedral  field  is  -6  Dq  (Fig.  2).  Keeping  in  mind 
that  the  splitting  for  3F(d8)  is  the  reverse  of  that  in 
Figure  2,  it  is  easily  seen  that  the  CFSE  for  a  d8  ion  in 
a  weak  octahedral  field  is  —12  Dq.  The  crystal  field 
stabilization  energies  for  d1  -  d9  systems  in  weak 

3  Figures  2  and  3  represent  only  one  aspect  of  the  energy  changes  brought 
about  by  the  metal-ligand  interaction.  As  the  negative  ligands  are  brought 
toward  the  metal  ion,  the  coulombic  attraction  causes  a  decrease  in  the 
energy  of  the  system.  As  the  ligands  are  brought  closer  to  the  metal,  the 
negative  ligands  interact  with  all  of  the  electrons  of  the  metal,  and  the  energy 
of  the  system  is  increased.  Finally,  the  octahedral  potential  seen  by  the  d 
electrons  can  be  expressed  as  Voc,  =(6  Ze2/a)  +  (35  Ze2/4a!)  (x4  +  y4  +  34  - 
3/5  r4)  where  the  d  electrons  are  at  a  distance  a  from  the  metal  ion  and  have 
charges  of  magnitude  -Ze.  The  first  term  is  a  spherically  symmetric  term 
and  raises  the  energy  of  all  of  the  d  electrons  (or  energy  terms  derived  from  a 
given  configuration)  by  the  same  amount.  The  second  term  is  responsible  for 
the  splitting  depicted  in  figures  2  and  3. 

TABLE  2 

Splittings  of  Terms  by  Cubic  Fields 
Orbital  Degeneracy  Levels  Arising  in  Cubic  Fields 

S  A, 

P  T, 

D  E  +  T2 

F  A2  +  T,  +  T2 

G  A.  +  E  +  T  +  T, 

H  E  +  T,  +  T,  +  T2 
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TABLE  3 

Ground  Terms  and  CFSE  Values  for  dn  Configurations 
in  Weak  Oh  Fields 


Configura¬ 

tion 


Ground  Term 

Free-ion  in  Weak  0„  CFSE  in  Weak 
Ground  Term  Field  0„  Field,  Dq 


d‘ 

d2 

d3 

d4 

d5 

d6 

d7 

d8 

d9 


2D  2T2g  -  4 

3F  3Tlg  -  6 

4F  4A2g  -12 

5D  5Eg  -  6 

6S  6Alg  0 

5D  5T2g  -  4 

4F  4Tlg  -  6 

3F  3A2g  -12 

2D  2 Eg  -  6 


octahedral  crystal  fields  are  listed  in  Table  3.  Since  d°, 
d5  and  d10  configurations  give  rise  to  free-ion  S  terms 
which  are  not  split  by  the  crystal  field  (Table  2),  the 
CFSE  for  these  three  configurations  is  zero.  It  was 
previously  mentioned  that  a  very  common  error  in 
some  texts  is  the  calculation  of  crystal  field  stabiliza¬ 
tion  energies  for  transition  metal  ions  in  weak  crystal 
fields.  In  particular,  the  CFSE  for  a  d2  system  in  a 
weak  octahedral  field  is  often  quoted  as  —8  Dq0 
rather  than  the  correct  value  of  -6  Dq„.  Since,  for  a 
given  stereochemistry,  splitting  diagrams  for  d"  and 
dn+5  configurations  are  the  same,  but  reversed  to  the 
splittings  for  d10“"  and  d5_n,  the  same  mistake  often 
occurs  for  a  d7  ion  in  a  weak  octahedral  field.  Sim¬ 
ilarly,  it  can  be  shown  that  d3  and  d8  terms  in  weak 
tetrahedral  fields  split  in  the  same  manner  as  the 
terms  arising  from  octahedral  d2  and  d7  configura¬ 
tions.  Thus  a  discrepancy  between  the  correct  (-6 
Dq,)  and  the  often  quoted  CFSE  (—8  Dq,)  also  ex¬ 
ists.  This  situation  is  even  more  serious  than  the 
octahedral  case  since  tetrahedral  fields  are  almost 
always  considered  to  be  weak  (recall  that  Dq,  =  4/9 
Dq0).  Thus,  the  erroneous  value  of  —8  Dq,  would  be 
more  at  variance  with  experimental  results  than  in  the 
octahedral  case. 

Strong  Field  Limit 

In  the  weak  field  approximation,  it  was  assumed 
that  the  crystal  field  was  of  lower  energy  than  the 
interelectronic  repulsion  forces.  As  a  consequence, 
the  crystal  field  acts  as  a  perturbation  on  the  free-ion 
terms,  which  are  split  into  a  series  of  levels.  In  the 
strong  field  approximation,  however,  the  crystal  field 
forces  are  more  important  than  the  interelectronic 
repulsions,  i.e., 

Vc  >  e2'/ r12  >  f  (r)T •  ^ 

In  other  words,  the  L-S  coupling  in  the  free  ion  is 
completely  destroyed  by  the  much  stronger  forces 
exerted  on  the  electrons  by  the  crystal  field.  It  is  not 
appropriate,  therefore,  to  speak  of  free-ion  terms  in  a 
strong  crystal  field.  Instead,  strong  field  configura¬ 
tions  should  be  considered.  The  d  orbitals  are  split 
into  two  sets  as  in  Figure  3.  To  take  as  an  example  the 
d2  case  considered  in  the  weak  field  treatment,  we 
consider  that  the  two  d  electrons  do  not  interact  with 
one  another,  but  are  assigned  to  the  eg  or  t2g  orbital 
sets.  Since  the  t2g  set  is  at  lower  energy  (Fig.  3),  the 


eg 


Fig.  3 — Splitting  of  metal  d  electrons  in  an  octahedral  field. 


ground  state  strong  field  configuration  is  t2g2,  excited 
states  being  eg'Ug1  and  eg2.  From  Figure  3,  it  is  easily 
seen  that  the  CFSE  for  strong  field  configurations  can 
be  obtained  by 

CFSEoft, s.f.  =  (#t2g  e“s)(— 4  Dq) 

Thus,  the  CFSE  for  d2  in  a  strong  octahedral  field  is 
(2)(— 4)  =  —8  Dq0  for  the  ground  state.  The  excited 
d2  configurations  tjg’eg1  and  eg2  give  rise  to  CFSE 
values  of  +2  Dq0  and  +12  Dq0,  respectively.  Sim¬ 
ilarly,  strong  field  d7  (octahedral)  configurations  will 
have  a  CFSE  equal  to  —18  Dq0,  and  strong  field  d3 
and  d8  (tetrahedral)  configurations  will  have  CFSE 
values  of  —18  Dq,  and  —8  Dq,,  respectively. 

Weak  to  Strong  Field  Transition:  Correlation 
Diagrams 

Up  to  this  point,  the  strong  field  case  has  been 
described  only  in  terms  of  assigning  electrons  to  t2g 
and  eg  orbital  sets,  without  any  concern  for  the  ways 
in  which  the  electrons  might  interact.  It  is  reasonable 
to  expect  that  strong  field  configurations  might  be 
split  into  terms  by  interelectronic  repulsions,  just  as 
free-ion  configurations  are  split  into  free-ion  terms. 
An  important  point  to  note  here,  however,  is  that  in 
the  weak  field  case  the  crystal  field  was  considered  to 
act  as  a  perturbation  on  the  energies  of  the  free-ion 
levels  (i.e.,  the  energy  separation  between  free-ion 
levels  is  large  compared  to  the  crystal  field  splitting). 
In  the  strong  field  approximation,  the  crystal  field 
splits  the  d  orbitals  into  t2g  and  eg  orbital  sets  the 
occupation  of  which  can  be  described  by  strong-field 
configurations.  The  interelectronic  repulsions,  which 
are  much  weaker  than  the  crystal  field,  then  act  as 
perturbations  on  the  strong  field  configurations. 

The  assignment  of  strong-field  terms  for  a  d1  con¬ 
figuration  is  trivial,  since  there  are  no  interelectronic 
repulsions.  The  ground  state  configuration  for  d*  is 
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t2g‘  (at  -4  Dq0)  in  an  octahedral  field  and  the  excited 
state  (eg')  is  at  +6  Dq0.  These  configurations  corre¬ 
spond,  respectively,  to  2T2g  and  2Eg  terms,  the 
energies  of  which  are  the  same  at  all  values  of  Dq„. 
Using  the  hole  formalism  concept,  the  ground  term 
for  d9,  t2g6eg3,  is  immediately  recognized  as  2Eg  in  an 
octahedral  field.  The  case  of  a  d2  configuration  is  not 
trivial,  and  the  effect  of  interelectronic  repulsions  on 
the  splitting  of  strong  field  configurations  must  be 
considered.  The  three  configurations  to  be  considered 
are  t2g2,  tzg'eg1,  and  eg2.  A  presentation  of  the  methods 
for  finding  which  terms  result  from  a  given  strong 
field  configuration  is  beyond  the  scope  of  this  article, 
but  can  be  found,  for  example,  in  Ballhausen  (1966) 
and  Figgis  (1966).  The  terms  resulting  from  a  d2 
configuration  are  shown  in  Table  4.  The  ground 
terms  for  strong  field  configurations  can  be  deter¬ 
mined  by  use  of  group  theoretical  arguments  and  are 
given  in  Table  5. 

The  transition  from  a  weak  to  a  strong  field  for  d2 
—  d8  configurations  can  be  illustrated  by  means  of  a 
correlation  diagram.  This  type  of  diagram  is  prepared 
by  listing  the  free-ion  terms  and  their  splitting  in 
weak  fields  on  the  left  side,  and  the  strong  field  con¬ 
figurations  and  their  splitting  in  strong  fields  on  the 
right  side.  Tie  lines  are  then  drawn  from  side  to  side, 
connecting  terms  of  the  same  symmetry  and  multi¬ 
plicity.  The  “non-crossing”  rule  states  that  tie  lines 
joining  energy  levels  which  correspond  to  wave- 
functions  with  the  same  symmetry  labels  may  not 
cross  (Figgis  1966).  The  correlation  diagram  for  a  d2 
configuration  is  shown  in  Figure  4  (correlation  dia¬ 
grams  for  d2  —  d8  systems  can  be  found  in  Figgis 
1966).  The  consequence  of  the  non-crossing  rule  is 
that  the  tie  lines  joining  3Tlg  (from  3F)  and  3Tlg  (from 
3P)  do  not  cross.  The  ground  term  is  the  same  (3Tig) 
in  both  the  weak  and  strong  field  approximations 
(compare  Tables  3  and  5).  Why,  then,  are  the  crystal 
field  stabilization  energies  different  in  the  two  limits? 
In  the  weak  field  limit  it  was  assumed  that  free-ion 
terms  were  separated  by  large  energy  differences  and 
that  consequently  there  was  no  interaction  between 
them.  In  reality,  however,  there  is  a  possibility  for 
interaction  between  levels  with  the  same  symmetry 
labels  and  multiplicity,  commonly  known  as  configu¬ 
ration  interaction.4  As  might  be  expected,  the  extent 
of  interaction  is  dependent  on  the  initial  separation 
between  the  energy  levels  involved  as  well  as  the  value 
of  Dq  (i.e.,  the  strength  of  the  crystal  field).  Referring 
to  Figure  4,  it  can  be  seen  that  “configuration  inter¬ 
action"  can  take  place  between  3Tlg  (3F)  and  3Tlg(3P). 
This  interaction  is  depicted  in  Figure  5.  The  value  of 

4  "Configuration  Interaction"  is  really  a  misnomer  and  actually  describes 
interactions  between  energy  levels,  not  configurations. 


TABLE  4 

Splitting  of  Strong  Field  tf  Configurations 
by  Interelectronic  Repulsions 

Strong  Field  Resulting  Terms 

Configuration  (Listed  in  Order  oflncreasing  Energy) 

t2g2  '  3T„>T2,  ‘E,  'A, 

t2g‘eg‘  3T„  3T2,  «T„  'T2 

eg2  3A2,  'E,  'A, 


TABLE  5 

Ground  Terms  for  dn  Configurations  in  Strong  Oh  Fields 
Configuration  S.  F.  Configuration  Ground  Term 
d*  t28‘  2T2g 


d  t2g  l  ig 

d5  t2g5  2T2g 

d6  t2g6  ‘Aig 

d7  t2g6eg‘  2  Eg 

d8  t2g6eg2  3A2g 

d9  t2g6eg3  2  Eg 

x  is  dependent  on  the  extent  of  interaction  between 
the  3Tlg(F)  and  3Tlg(P)  levels.  Specifically, 

2x  =  <  3Tlg(F)|  Voct|  3Tlg(P)  > 

=  J^3Tlg(F)  Voct  *3Tlg(P)dx,  where 

^3Ttg(F)  and  ^3Tlg(P)  are  the  wave  functions  describ¬ 
ing  the  unmixed  3Tlg(F)  and  3Tlg(P)  levels,  respec-  < 
tively.  The  value  of  x  reaches  its  maximum  of  2  Dq  in 
the  strong  field  case  where  the  levels  are  interacting  i 
completely.  This  value,  then,  correctly  predicts  the 
energy  values  of  the  3Tlg(P)  and  3Tig(F)  levels  in  the 


Fig.  4 — Correlation  diagram  for  an  octahedral  d2  configuration;  j 
(a)  free-ion  terms;  (b)  weak-field  terms;  (c)  strong-field  terms;  (d) 
strong-field  configurations.  The  diagram  is  also  applicable  to  d8 
tetrahedral  systems. 
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Fig.  5 — Configuration  interaction  between  3Tlg(P)  and  3Tlg(F) 
levels  in  an  octahedral  field. 


strong  field  limit,  viz.  +2  Dq  and  — 8Dq,  respectively. 
In  the  limit  of  the  weak  field,  x  =  0  Dq  and  the 
energies  of  the  3Tlg(P)  and  3Tlg(F)  levels  are  15  B  and 
-6  Dq,  respectively.5  Since  the  splitting  for  a  d3  or  d8 
ion  in  a  tetrahedral  field  is  identical  to  the  splitting  of 
a  d2  ion  in  an  octahedral  field,  identical  arguments 
apply  to  these  cases,  as  well  as  the  d7  octahedral  case. 
Of  course,  the  same  type  of  configuration  interaction 
occurs  for  d2,  d7  tetrahedral  and  d3,  d8  octahedral 
cases,  but  now  the  Tj(F)  level  which  is  involved  in 
configuration  interaction  is  not  the  level  of  lowest 
energy  and  is  not  involved  in  the  calculation  of 

5  Adjacent  free-ion  F  and  P  terms  with  the  same  multiplicity  are  always 
separated  by  15B,  where  B  is  a  Racah  interelectronic  repulsion  parameter. 


CFSE.  Thus,  there  is  no  discrepancy  between  CFSE 
values  calculated  in  weak  and  strong  fields  for  these 
cases. 

In  conclusion,  it  has  been  shown  that  the  treat¬ 
ments  of  crystal  field  theory  in  the  weak  and  strong 
field  limits  come  about  by  the  application  of  logical 
assumptions  which  are  implicit  in  the  definitions  of 
the  two  limits.  The  origin  of  apparent  differences  in 
the  values  of  crystal  field  stabilization  energies  calcu¬ 
lated  for  the  two  limits  can  be  explained  by  the  simple 
and  easily  understood  concept  of  “configuration  in¬ 
teraction”. 

Although  it  is  somewhat  difficult  to  cover  all  of  the 
basics  of  crystal  field  theory  in  an  article  such  as  this, 
it  is  hoped  that  the  reader  comes  away  with  an  appre¬ 
ciation  of  both  the  inherent  similarities  and  necessary 
differences  between  the  weak  and  strong  field  treat¬ 
ments  of  CFT. 
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The  Mammals  of  Presquile,  Chesterfield 
County,  Virginia 


Abstract — On  the  basis  of  captures,  sightings  and  analyses  of 
remains  in  barn  owl  pellets,  22  species  of  mammals  exclusive  of 
bats  are  known  to  occur  on  Presquile  National  Wildlife  Refuge, 
Chesterfield  County,  Virginia.  Diversity  was  greatest  in  the  edge¬ 
like  fill  community,  followed  by  escarpment,  swamp  and  cultivated 
fields,  respectively.  Based  on  captures,  the  most  abundant  mam¬ 
mals  are  the  cotton  mouse,  Peromyscus  gossypinus,  house  mouse, 
Mus  musculus,  hispid  cotton  rat,  Sigmodon  hispidus,  rice  rat,  Or- 
yzomys  palustris,  short-tailed  shrew,  Blarina  brevicauda,  and  east¬ 
ern  meadow  vole,  Microtus  pennsylvanicus.  The  white-tailed  deer, 
Odocoileus  virginianus  is  also  abundant. 


Introduction 

The  distributional  status  of  mammals  in  many 
areas  of  Virginia  reflects  not  only  native  patterns  and 
implied  biotic  and  abiotic  parameters,  but  also  the 
actions  of  man  in  the  last  two  hundred  years  in  de¬ 
stroying,  modifying,  creating  and  maintaining  suit¬ 
able  areas.  One  such  area  that  has  long  been  in¬ 
fluenced  by  man  is  Presquile,  a  man-made  island  in 
the  James  River  in  the  northeastern  corner  of 
Chesterfield  County  just  south  of  Charles  City  and 
Henrico  Counties,  Virginia.  The  1329  acre  “almost 
island”  on  the  south  side  of  the  James  River  became 
an  island  in  1934  when  the  U.S.  Army  Corps  of 
Engineers  channeled  through  the  neck  of  an  ox-bow 
bend  in  the  river.  Presquile  is  approximately  12  miles 
downstream  from  the  City  of  Richmond,  and  within 
sight  of  the  industrial  City  of  Hopewell.  Presquile  is 
near  some  of  the  oldest  plantations  in  the  state,  in¬ 
cluding  Curies  Neck  and  Shirley  and  the  community 
of  Bermuda  Hundred.  Presquile  became  a  National 
Wildlife  Refuge  in  1952. 

Parker  and  Wyatt  (1975)  recognized  five  plant 
communities  at  Presquile.  (1)  The  major  portion  of 
the  island  (800  acres)  is  swamp  that  is  subject  to 
partial  inundation  during  high  tide  and  total  in¬ 
undation  in  river  flooding.  Much  of  the  swamp  floor 
is  covered  with  fallen  trees,  stumps,  exposed  root 
systems  and  flotsam.  Vegetation  in  the  swamp  in¬ 
cludes  ash,  Fraxinus  spp.,  tupelo  gum,  Nyssa  aquat- 
ica,  black  gum,  N.  sylvatica,  and  scattered  stands  of 
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bald  cypress,  Taxodium  distichum,  and  the  single  un¬ 
derstory  tree,  ironwood,  Carpinus  caroliniana,  is 
abundant  throughout  the  community.  (2)  Two  tidal 
marshes  that  are  inundated  by  high  tides  together 
comprise  250  acres  of  the  island  surface.  The  commu¬ 
nity  is  dominated  by  herbaceous  plants  that  include 
arrow-arum,  Peltandra  virginica,  arrowhead,  Sagit- 
taria  spp..  Wild  rice,  Zizana  aquatica,  and  common 
cat-tail,  Typha  latifolia.  (3)  Approximately  250  acres 
of  the  island  is  seeded  for  use  for  agriculture  and/or 
waterfowl.  The  only  relatively  stable  portions  of  the 
field  area  are  the  field  borders.  These  are  dominated 
by  grasses  and  weedy  herbaceous  species.  (4)  A  rela¬ 
tively  steep  escarpment  that  is  for  the  most  part  cov¬ 
ered  by  trees  and  undergrowth  borders  the  entire 
cultivated  area.  Trees  along  the  escarpment  include 
hack  berry,  Celtis  laevigata,  red  cedar,  Juniperus  vir- 
giniana,  chestnut  oak,  Quercus  prinus,  Spanish  oak, 
Q.  falcata,  hickory,  Carya  spp.,  and  winged  elm, 
Ulmus  alata.  Undercover  along  the  escarpment  in¬ 
cludes  Japanese  honeysuckle,  Lonicera  japonica, 
leather  flower,  Clematis  viorna,  trumpet  creeper, 
Campsis  radicans,  grape,  Vitis  spp.,  and  greenbrier, 
Smilax  spp.  (5)  Approximately  50  acres  of  the  island 
were  covered  by  material  dredged  from  the  naviga¬ 
tion  channel  during  formation  of  the  island  in  1934. 
As  a  result  of  differences  in  elevation  and  various 
features  of  the  soil  this  small  area  contains  the  most 
varied  plant  species.  Higher  areas  inland  in  the  fill 
area  are  covered  with  low  grasses,  mixed  with  black¬ 
berry,  Rubus  spp.,  interspersed  with  isolated  stands  of 
Juniperus  virginiana  and  black  locust,  Robinia 
pseudoacacia.  Near  the  river  the  fill  area  contains  a 
mixture  of  sycamore,  Platanus  occidentalis;  red 
maple,  Acer  rubrum,  cottonwood,  Populus  deltoides, 
and  tulip  tree,  Liriodendron  tulipifera,  with  little  un¬ 
der  cover  except  for  river  debris.  Some  sites  within 
the  fill  area  are  bare.  In  addition  to  their  observations 
of  vegetation  of  Presquile,  Parker  and  Wyatt  discuss 
topography,  climate,  and  edaphics  of  the  island. 

The  purpose  of  our  study  was  to  determine  the 
kinds  and  relative  abundance  of  mammals,  exclusive 
of  bats,  in  each  of  the  communities  of  Presquile.  The 
information  should  be  useful  in  the  future  in  eval- 
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uating  the  effect  on  small  mammals  of  management 
practices  on  non-cultivated  portions  of  the  refuge  and 
stresses  placed  on  the  island  by  a  growing  industrial- 
metropolitan  area. 

Methods  and  Materials 

We  made  trapping  collections  weekly  in  the 
months  of  January  through  March,  1974  and  a  final 
collection  in  August,  1974.  Snapback  mouse  traps 
baited  with  a  mixture  of  peanut  butter  and  rolled  oats 
were  used  in  all  collections.  Traps  were  set  singly 
along  temporary  transects  at  intervals  of  10  to  15  m. 
In  the  swamp,  circular  traplines  above  high  tide  levels 
were  set  as  dictated  by  sites  for  landing  our  boat.  We 
were  not  able  to  trap  in  the  tidal  marsh,  because  the 
pronounced  changes  in  water  level  resulted  in  the 
lack  of  sites  for  trap  placement.  The  amount  of  trapp¬ 
ing  effort,  described  here  in  terms  of  trap  nights,  is 
presented  in  Table  1.  A  trap  night  refers  to  the  period 
of  time  from  setting  until  check  or  pickup  of  a  trap. 
In  most  instances  this  was  8  to  12  hours. 

Barn  owl  pellets  were  collected  from  a  silo  on 
Presquile  on  23  January,  12  February  and  9  April, 
1974,  and  19  April,  1975.  Each  pellet  was  placed 
individually  in  a  plastic  bag  at  the  time  of  collection 
and  crania  were  extracted  in  the  laboratory.  Several 
hundred  crania  were  isolated  from  disintegrated  pel¬ 
lets  that  had  accumulated  on  the  floor  of  the  silo. 
Sight  records,  tracks,  feces  and  skeletal  remains  were 
used  to  supplement  information  obtained  from  owl 
pellets  and  trapping. 

Diversity  was  calculated  by  the  Loyd,  Zarr,  and 
Karr  (1968)  formula  for  the  Shannon-Weaver  Index. 
This  is  H'  =  1/N  (N  log10  N-Sni  logi0  nt),  where  N  is 
the  total  population  and  nj  the  number  of  species  i. 

Results  and  Discussion 

A  list  of  the  species  of  mammals  that  we  found  on 
Presquile  National  Wildlife  Refuge  is  presented  in 
Table  1.  No  species  now  considered  rare  or  endan¬ 
gered  were  noted. 

The  diversity  of  mammals  captured  in  the  fill  area 
indicates  a  greater  habitat  diversity  in  that  commu¬ 
nity  (Table  1 ).  The  fill  community  contained  61 .3  per 
cent  of  all  species  seen  or  captured.  Only  the  ubiqui¬ 
tous  house  mouse  and  white-tailed  deer  were  in  all 
communities  sampled.  Six  of  22  species  were  in  three 
of  the  four  communities.  The  distributions  of  two  of 
the  six,  O.  palustris  and  O.  zibethicus,  are  closely 
associated  with  water,  a  prominent  feature  of  much 
of  Presquile.  The  other  four,  D.  virginiana,  P.  lotor, 
M.  mephitis  and  V.  vulpes,  all  are  known  to  have 
large  home  ranges  that  may  include  several  types  of 
habitat.  We  found  three  red  fox  dens  on  the  island, 
each  in  a  different  community.  A  den  along  the  es¬ 
carpment  contained  pups  in  spring  1974  and  remains 
of  muskrat,  cottontails,  several  birds  and  fish  were 
evident  around  it. 

The  beaver,  C.  canadensis,  may  not  now  occur  on 
Presquile;  only  old  signs  were  noticed.  Several 
gnawed  and  fallen  trees  are  evident  near  the  river  in 
the  northeast  section  of  the  swamp  and  there  are 
active  colonies  of  beaver  on  the  shore  of  the  James 
River  opposite  this  site. 

The  white-tailed  deer,  O.  virginianus,  is  abundant 


on  the  island.  The  herd  size  has  averaged  about  200 
deer  in  the  past  few  years  (H.  Olson,  personal  com¬ 
munication),  and  each  year  the  herd  is  cropped  dur¬ 
ing  a  controlled  hunt.  We  have  seen  deer  and  signs  of 
deer  on  all  parts  of  Presquile.  Primary  bedding  areas 
include  the  tall  Equisetum  on  the  edge  of  the  east 
marsh  and  two  grassy  clearings  and  scattered  ham¬ 
mocks  within  the  swamp. 

Small  mammals  whose  presence  was  detected  only 
by  their  remains  in  owl  pellets  were  C.  parva  and  R. 
humulis.  Remains  of  two  S.  aquaticus  were  found  in 
owl  pellets,  and  shallow  uplifted  feeding  burrows  of 
moles  were  evident  in  parts  of  the  field  and  fill  areas. 

Microtus  pennsylvanicus,  O.  palustris,  and  M.  mus- 
culus  together  comprised  81.4  per  cent  of  the  prey 
items  of  the  Barn  Owl.  Comparisons  of  mammals 
captured  and  those  present  in  owl  pellets  suggest  that 
the  owl  foraged  little  in  the  swamp  (Table  1 ). 
Evidently  it  hunted  mostly  in  fields  and  marsh  edges. 
Trapping  indicated  that  P.  gossypinus  is  abundant  in 
the  swamp,  but  no  pellets  contained  remains  of  cot¬ 
ton  mice.  Several  disintegrated  pellets  found  in  the 
middle  of  the  swamp  under  an  old,  temporarily  used 
roost  of  an  unidentified  owl  contained  remains  of 
several  short-tailed  shrews,  pine  voles  and  meadow 
voles.  None  of  these  were  trapped  in  the  swamp  and 
they  presumably  do  not  occur  there.  Presquile  is  very 
near  the  northernmost  location  for  P.  gossypinus  on 
the  east  coast  (Ulmer  1963).  Ulmer  collected  a  cotton 
mouse  on  the  edge  of  a  swampy  riverbottom  woods 
approximately  five  miles  south  of  Presquile  along  the 
Appomattox  River.  The  white-footed  mouse,  Per- 
omyscus  leueopus,  is  the  most  common  Virginia  mam¬ 
mal  (Handley  and  Patton  1947)  but  none  were  taken 
at  Presquile.  Suitable  habitat  is  available  for  P.  leuco- 
pus  and  its  absence  may  be  the  result  of  competition 
with  P.  gossypinus  (See  Baker  1968;  McCarley  1963). 

Although  the  barn  owl  may  have  foraged  in  part 
away  from  the  island,  the  difference  in  numbers  of  M. 
pennsylvanicus  captured  in  traps  and  isolated  from 
owl  pellets  likely  reflects  long  range  and  seasonal 
differences  in  abundance  of  meadow  voles  on  Pres¬ 
quile.  Meadow  voles  comprised  63.7  per  cent  of  the 
prey  items  isolated  from  disintegrated  owl  pellets.  In 
the  January  and  February  1974  collection  of  owl 
pellets,  meadow  voles  made  up  less  than  20  per  cent 
of  the  prey  items,  but  in  the  April  1974  collection 
meadow  voles  comprised  62  per  cent  of  the  prey 
items.  In  the  April  1975  collection,  meadow  voles 
comprised  68.8  per  cent  of  the  prey  items  in  whole 
pellets  and  68.0  per  cent  of  the  items  in  disintegrated 
pellets.  Meadow  voles  are  known  to  be  important 
prey  of  barn  owls  (see  Blem  and  Pagels  1973).  Our 
data  suggest  a  low  meadow  vole  population  at  the 
beginning  of  the  study  followed  by  a  rapid  increase 
in  early  spring,  1974. 

The  hispid  cotton  rat  is  apparently  a  recent  arrival 
to  Presquile.  Sigmodon  hispidus  was  unknown  from 
Virginia  until  1941  (Patton  1941)  and  Presquile  is 
only  eight  miles  south  of  the  present  northernmost 
site  for  Sigmodon  in  Virginia  (Pagels  and  Adleman 
1971). 

In  summary,  Presquile  has  more  than  half  of  the 
terrestrial  species  of  mammals  known  to  occur  in 
Virginia  (Handley  and  Patton  1947),  exclusive  of  bats 
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table  l 

Species  of  mammals  on  Presquile  National  Wildlife  Refuge.  Numbers  represent  numbers  of  mammals  captured  or  crania  removed 
from  barn  owl  pellets.  Letter  (S)  designates  sign  or  sightings.  Numbers  in  parentheses  designate  trap  nights  in  each  area. 


C  apt  u  res — Co  mm  u  n  i  ty 


Species 

Swamp 

Field 

Fill 

Escarpment 

Owl  Pellets 

(1103) 

(467) 

(656) 

(233) 

Didelphis  virginiana 

S 

S 

S 

opossum 

Blarina  brevicauda 

70 

1 

8 

short-tailed  shrew 

Cryptotis  parva 

5 

least  shrew 

Scalopus  aquaticus 

2 

S 

S 

common  mole 

Sylvilagus  floridanus 

2 

S 

S 

e.  cottontail 

Marmota  monax 

S 

woodchuck 

Sciurus  carolinensis 

S 

s 

e.  gray  squirrel 

Castor  canadensis 

s 

s 

beaver 

Oryzomys  palustris 

148 

6 

5 

1 

Sigmodon  hispidus 

50 

2 

25 

hispid  cotton  rat 

Reithrodontomys  humulis 

8 

e.  harvest  mouse 

Peromyscus  gossypinus 

85 

14 

cotton  mouse 

Microtus  pennsylvanicus 

696 

8 

e.  meadow  vole 

Pitymys  pinetorum 

35 

1 

pine  vole 

Ondatra  zibethicus 

S 

S 

s 

muskrat 

Raltus  norvegicus 

40 

S 

Norway  rat 

Mus  musculus 

129 

14 

28 

7 

26 

house  mouse 

Vulpes  vulpes 

S 

S 

S 

red  fox 

Procyon  lotor 

S 

S 

S 

raccoon 

Muslela  vison 

s 

mink 

Mephitis  mephitis 

S 

s 

S 

striped  skunk 

Odocoileus  virginianus 

s 

S 

s 

S 

white-tailed  deer 

Totals 

1185 

105 

31 

54 

41 

Diversity  (H') 

0.60 

0.38 

1.48 

0.75 

1.40 

Captures/ 100  trap  nights 

9.5 

6.6 

8.2 

17.6 

9.4 
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and  species  confined  to  mountainous  areas  of  western 
Virginia.  None  of  these  species  is  near  its  southern 
limit,  but  the  rice  rat,  cotton  rat  and  cotton  mouse 
provide  noticeable  southern  elements  that  are  near 
the  northern  extent  of  their  range.  Nearly  60  per  cent 
of  the  island  is  swamp,  but  only  the  mink  and  beaver 
were  restricted  to  the  swamp.  Eight  of  the  other  20 
species,  however,  including  most  large  forms,  were 
observed  or  captured  in  the  swamp  as  well  as  in  other 
areas,  suggesting  the  importance  of  the  large  swamp 
community  to  mammals  present  on  the  island. 

Man’s  influence  in  providing  suitable  habitat  for 
certain  small  species  is  demonstrated  in  captures  in 
the  fill  and  field  communities.  Six  species,  all  usually 
considered  edge  or  field  forms,  including  the  cotton¬ 
tail,  meadow  vole  and  cotton  rat,  were  taken  only  in 
these  communities. 
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Semen  Volume,  Insemination  Frequency  and 
Initial  Fertility  of  Turkey  Breeders 


Abstract — Experiments  were  designed  to  determine  the  effects  of 
semen  dosage  and  insemination  frequency  on  fertility  in  young 
Medium  White  breeder  turkeys.  Treatments  consisted  of  semen 
dosages  of  0.025  or  0.05  cc  of  pooled  semen  and  insemination 
frequencies  of  once,  twice  or  three  times  at  three-day  intervals 
beginning  immediately  after  the  start  of  egg  production.  Semen 
dosage  effects  were  variably  significant  depending  upon  the  time 
after  insemination.  Single  inseminations  gave  significantly  lower 
fertility  than  multiple  inseminations.  There  were  no  significant 
differences  between  hens  inseminated  two  or  three  times,  however, 
indicating  that  dual  inseminations  at  close  time  intervals  were 
adequate  to  assure  optimum  fertility  during  the  initial  phases  of  the 
egg  production  cycle.  When  the  hens  were  re-impregnated  with  a 
single  insemination,  significant  decreases  in  fertility  were  not  de¬ 
tected  until  four  weeks  later.  Based  on  these  results,  the  common 
commercial  practice  of  inseminating  turkeys  every  seven  to  ten 
days  during  the  early  phases  of  the  egg  production  cycle  must  be 
questioned. 


Introduction 

There  has  been  much  disagreement  about  the  con¬ 
duct  of  artificial  insemination  (AI)  in  turkeys.  For 
example,  frequency  of  insemination  (Lorenz  1950; 
McCartney  1952;  Brown  1974;  Van  Krey  et  al.  1976), 
optimum  semen  dosage  (Parker  1946;  Lorenz  1950; 
McCartney  1952,  1954;  Brown  1974),  depth  of  in¬ 
semination  (Biellier  et  al.  1961;  Ogasawara  and 
Fuqua  1972;  Wentworth  et  al.  1975),  and  the  best 
time  of  day  for  inseminating  (Wyne  et  al.  1 959;  Chris¬ 
tensen  and  Johnson  1975)  have  all  been  debated  at 
one  time  or  another. 

Despite  the  numerous  differences  of  opinion  re¬ 
garding  insemination  practices,  a  degree  of  accord¬ 
ance  persists  among  commercial  turkey  breeders  and 
multipliers  regarding  AI  during  the  period  of  time 
associated  with  the  initiation  of  egg  production.  The 
current  commercial  practice  is  for  hens  to  be  in¬ 
seminated  three  times  in  succession  at  intervals  of 
three  or  four  days.  This  practice  is  based  on  the  high 
level  of  mating  activity  normally  shown  by  females 
just  before  attaining  sexual  maturity,  and  on  the  rela¬ 
tively  poor  flock  fertility  occasionally  associated  with 
the  start  of  egg  production. 

An  additional  associated  problem  plaguing  some 
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turkey  breeders  and  multipliers  is  chronic  low  fertil¬ 
ity.  This  problem,  however,  is  primarily  the  result  of 
poor  AI  practices,  usually  by  inferior  inseminating 
crews.  To  overcome  this,  such  flocks  are  being  in¬ 
seminated  at  7-10  day  intervals  throughout  the  pro¬ 
duction  year. 

The  purposes  of  the  current  experiments  were  to 
compare  the  effects  of  single  and  multiple  in¬ 
seminations  and  to  test  the  effect  of  varying  semen 
volume  on  the  initial  fertility  of  turkey  breeder  hens. 
In  a  related  second  phase  of  the  experiments,  the 
tenored  levels  of  fertility  were  established  following  a 
single  insemination  as  an  aid  in  determining  a  logical 
frequency  of  insemination  during  the  early  phases  of 
the  egg  production  cycle. 

Methods 

Duplicate,  sequential  experiments  utilizing  Me¬ 
dium  White  turkeys  in  a  factorial  arrangement  of 
treatments  were  set  up  as  outlined  in  Table  1.  During 
the  growing  period  and  before  the  start  of  the  experi¬ 
ment,  the  poults  were  subjected  to  standard  manage¬ 
ment  practices.  At  24  weeks  of  age  the  hens  were 
moved  into  a  blackout  house  for  a  period  of  eight 
weeks.  They  were  then  moved  into  the  experimental 
pens  and  exposed  to  a  stimulatory  lighting  regimen 
consisting  of  a  combination  of  16  hours  natural  and 
artificial  light  per  day.  The  minimum  light  intensity 
was  81.6  luxes.  Males  were  managed  in  a  similar 
manner  but  were  subjected  to  the  lighting  regimen 
four  weeks  prior  to  the  females.  Experiment  I  was 
conducted  during  the  winter  (January-February) 
and  Experiment  II  during  the  summer  months 
(June-July)  of  1974. 

The  hens  were  first  inseminated  when  egg  produc¬ 
tion  had  progressed  to  a  flock  average  of  approxi¬ 
mately  10%.  The  semen  was  collected  from  males  that 
were  contemporaries  of  the  females  utilized  in  each  of 
the  experiments.  All  inseminations  were  made  with 
pooled  semen  samples  in  an  effort  to  minimize  indi¬ 
vidual  male  effects.  The  initial  sequential  series  of 
inseminations  were  made  at  three  day  intervals  and 
the  insemination  frequency  was  either  once,  twice,  or 
three  times  (Table  1 ).  A  second  insemination  of  either 
0.025  or  0.05  cc.  of  semen  was  made  two  weeks  after 
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TABLE  1 

Frequency  of  insemination,  semen  volumes,  and  number  of  birds 
by  replicate  and  experiment 


Times 

Inseminated 

Semen 
Volume  (cc) 

Experiment  1 

Experiment  2 

Rep.  1 

Rep.  2 

Rep.  1 

Rep.  2 

One 

.025 

10* 

10 

8 

8 

.050 

10 

10 

8 

8 

Two 

.025 

10 

10 

8 

8 

.050 

10 

10 

8 

8 

Three 

.025 

10 

10 

8 

8 

.050 

10 

10 

8 

8 

Total 

60 

60 

48 

48 

*  Number  of  birds. 


the  terminal  insemination  of  the  initial  series. 

Only  fertility  data  are  reported  in  these  experi¬ 
ments.  Hatchability  data  were  not  collected.  The  fer¬ 
tility  data  represent  all  obviously  fertile  eggs  as 
judged  by  candling,  along  with  a  breakout  and  mac¬ 
roscopic  examination  of  all  other  blastodiscs. 

Data  were  summarized  and  the  percentages  were 
transformed  to  arc  sine  \/7o  before  being  analyzed  by 
analyses  of  variance.  Where  appropriate,  the  treat¬ 


ment  effects  associated  with  insemination  frequency 
were  subjected  to  orthogonal  contrast  analyses. 

Results  and  Discussion 

When  unequal  numbers  of  inseminations  are 
made,  as  in  these  experiments,  it  becomes  difficult  to 
make  direct  comparisons  between  data  from  the  vari¬ 
ous  treatment  groups.  The  bases  for  comparisons  are 
never  equal  in  all  respects.  For  that  reason,  the  fertil¬ 
ity  data  in  these  experiments  have  been  reported  in 
two  different,  yet  related  ways.  First,  fertility  levels 
were  calculated  for  the  seven,  ten,  and  fourteen-day 
intervals  after  the  initial  insemination  of  a  series, 
without  regard  to  the  insemination  frequency.  Thus, 
while  the  same  calendar  days  were  being  compared 
among  treatment  groups,  there  was  an  overlapping  of 
days  with  subsequent  inseminations. 

The  second  way  in  which  fertility  levels  were  calcu¬ 
lated  was  for  the  seven,  ten,  and  fourteen-day  inter¬ 
vals  after  the  last  insemination  of  a  series.  Thus, 
similar  intervals  were  compared,  but  the  calendar 
days  being  compared  were  not  identical. 

Fertility  levels  for  equal  time  intervals  after  the 
initial  AI  are  shown  in  Table  2,  with  the  analysis  of 
variance  presented  in  Table  3.  No  significant  differ¬ 
ences  were  observed  for  any  of  the  main  variables.  A 


TABLE  2 

Mean  percentage  fertility  seven,  ten,  and  fourteen  days  after  an  insemination  summarized  by  experiment,  replicate,  semen  dosage,  and 
frequency  of  insemination. 


Treatment 

Percentage  Fertility 

After  Initial  Insemination 

After  Last  Insemination 

7  days 

10  days 

14  days 

7  days 

lOdays 

14  days 

Experiment  1 

89.2 

91.4 

92.2 

93.3 

93.6 

93.7 

Number  2 

88.9 

91. j 

92.4 

93.7 

94.6 

94.6 

Replicate  1 

89.3 

91.3 

92.2 

93.2 

94.4 

94.8 

2 

88.8 

91.2 

92.5 

93.9 

93.7 

93.5 

Dosage  .025  cc 

86.6 

89.8 

91.2 

91.6 

92.3 

92. 5a 

.05  cc 

91.6 

92.7 

93.5 

95.5 

95.8 

95. 8b 

A. I.  Frequency  1 

87.6 

90.1 

89.5 

87. 6a 

90.1 

89. 5a 

2 

88.6 

91.0 

93.4 

96. 3b 

96.0 

96.  lb 

3 

91.0 

92.6 

94.1 

96. 7b 

96.1 

96. 9b 

Experimental  Mean 

89.5 

.91.3 

92.3 

93.5 

94.1 

94.2 

Any  two  means  within  a  treatment  o 

n  the  vertical  v 

vhich  do  not  have  the  same  superscript 

are  significantly  different. 

TABLE  3 

Analyses  of  variance1 

of  the  percentage  fertility  seven , 

,  ten,  and  fourteen  days  after  ar 

r  insemination 

Mean  Squares 

After  Initial  Insemination 

After  Last  Insemination 

Source  of  variation  d.f. 

7  days 

10  days 

14  days 

7  days 

10  days 

14  days 

Experiment  1 

0.9 

0.1 

1.8 

6.3 

7.9 

1.7 

Replicate  1 

26.3 

12.5 

2.2 

29.1 

79.0 

88.0 

Dosage  (D)  1 

141.2 

80.7 

20.1 

73.6 

138.9 

116.0* 

A. I.  Frequency  (F)  2 

8.3 

5.4 

64.7 

303.1* 

139.1 

224.2** 

DX  F  2 

168.7 

119.6 

125.7* 

296.0* 

158.4* 

79.3 

Error  16 

56.2 

40.5 

28.1 

66.6 

40.8 

22.9 

1  ANOVA  on  arc  sine  v  %  transformations. 
*  P  <  .05. 

**  P  <  .01 
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significant  interaction  of  dosage  X  insemination  fre¬ 
quency  was  found  at  14  days,  but  not  at  7  or  10  days. 
This  would  be  expected  because  of  the  overlapping  of 
days  and  inseminations  as  described  earlier. 

When  the  time  intervals  selected  for  comparison 
were  those  after  the  terminal  insemination  of  a  series, 
significant  semen  dosage  and  AI  frequency  effects 
were  observed  (Tables  2  and  3).  If  the  results  summa¬ 
rized  in  Table  2  are  interpreted  as  a  unit,  several 
interesting  facts  become  evident.  The  data  presented 
in  the  first  part  of  Table  2  suggest  that  if  the  initial 
insemination  of  a  young  turkey  hen  is  properly  exe¬ 
cuted,  a  single  insemination  should  be  adequate. 
Nevertheless,  as  shown  in  the  latter  half  of  the  table, 
a  second  insemination  increased  fertility  significantly. 
This  might  appear  to  be  contradictory,  but  it  merely 
reflects  the  different  time  intervals  being  represented. 
The  tabular  differences  should  also  serve  to  empha¬ 
size  that  in  any  AI  program  not  all  hens  will  be 
ideally  impregnated  after  each  insemination,  and  that 
subsequent  inseminations  will  function  to  alleviate  or 
correct  the  errors  of  the  inseminating  technicians. 
When  viewed  in  their  total  context,  the  fertility  data 
indicate  that  while  more  than  one  AI  is  desirable, 
more  than  two  inseminations  are  unwarranted  and 
unnecessary. 

Commercial  operators,  when  questioned  on  AI  of 
turkeys  just  starting  egg  production,  believed  that 
saturation  of  the  oviduct  with  spermatozoa  was  nec¬ 
essary  to  insure  high  initial  levels  of  fertility.  As  men¬ 
tioned,  this  concept  was  predicated  upon  the  elevated 
mating  activity  seen  in  naturally  mated  hens  at  the 
time  of  sexual  maturity,  and  also  upon  the  poor 
fertility  levels  seen  occasionally  in  new  laying  flocks. 
Biologically,  however,  neither  reason  is  valid.  The 
increased  mating  activity  observed  in  naturally  mated 
hens  is,  of  course,  merely  the  expression  of  a  behav- 
iorally  oriented  fitness  trait  which  is  related  to  the 
increasing  ovarian  estrogen  output.  With  regard  to 
the  relatively  poor  fertility  very  early  in  the  produc¬ 
tion  year,  it  must  be  remembered  that  in  commercial 
flocks  fertility  is  based  on  flock  averages,  which  do 
not  necessarily  reflect  the  fact  that  much  of  the  fertil¬ 
ity  problem  stems  from  some  hens  not  being  impreg¬ 


nated  until  after  attaining  sexual  maturity.  Thus,  dual 
inseminations,  spaced  at  relatively  close  intervals, 
should  allow  the  maximum  expression  of  fertility  in 
young  turkey  hens  initiating  egg  production. 

As  indicated  earlier,  many  commercial  turkey 
flocks  are  currently  being  inseminated  at  seven  or  ten- 
day  intervals.  Based  on  data  appearing  in  the  liter¬ 
ature,  such  AI  frequencies  might  be  considered  exces¬ 
sive,  (Lorenz  1950;  McCartney  1954;  Brown  1974; 
Van  Krey  et  al.  1976).  To  re-examine  the  validity  of 
earlier  established  insemination  concepts  and  prac¬ 
tices,  the  hens  were  re-inseminated  once  with  either 
0.025  or  0.05  cc.  of  semen  two  weeks  after  the  last 
insemination  and  fertility  data  were  collected  for  five 
consecutive  weeks  thereafter.  Again  the  data  were 
reported  in  two  different  ways,  on  a  cumulative  and 
on  a  non-cumulative  basis.  This  was  done  because  of 
the  interdependence  of  the  weekly  data,  i.e.,  the  fertil¬ 
ity  level  during  any  particular  week  is  predicated  in 
part  upon  the  fertility  level  during  the  preceding 
week. 

When  examined  on  a  cumulative  basis,  fertility 
remained  exceedingly  high  for  an  extended  period  of 
time  (Table  4).  Fertility  levels  did  not  drop  below 
90%  until  the  fifth  week  after  insemination.  To  dem¬ 
onstrate  that  the  previous  experimental  treatment 
had  no  residual  effect  on  this  phase  of  the  study,  the 
variable,  insemination  frequency,  was  included  in  the 
analyses  (Table  5). 

When  summarized  non-cumulatively,  the  fertility 
levels  did  not  show  a  significant  decline  until  the 
fourth  week  after  insemination  (Table  6).  Based  on 
these  results,  it  is  extremely  doubtful  that  an  AI  inter¬ 
val  of  7  to  10  days  during  the  early  phases  of  the  egg 
production  year  is  warranted.  Conceivably,  if  eco¬ 
nomics  dictated,  the  AI  interval  might  even  be  ex¬ 
tended  beyond  the  normal  14-day  interval  early  in  the 
egg  production  year.  Brown  (1974)  found  that  bi¬ 
weekly  inseminations  of  virgin  turkeys  after  16  weeks 
of  egg  production  yielded  good  fertility.  Thus,  both 
of  these  sets  of  data  are  in  basic  agreement  with 
earlier  experimental  results  (Lorenz  1950;  McCartney 
1954).  The  data  also  serve  to  emphasize  that  much  of 
the  erstwhile  reproductive  data  are  still  applicable  to 


TABLE  4 

Mean  cumulative  weekly  fertility  after  an  insemination,  summarized  by  experiment,  replicate,  semen  dosage,  and  frequency  of  insemination 

( Experiments  l  and  2) 


Treatment 

Percent  Fertility 

7  days 

10  days 

14  days 

21  days 

28  days 

35  days 

Experiment 

1 

97.1 

96.9 

96.5 

95. 7b 

92. 7b 

86.8® 

Number 

2 

97.4 

96.9 

96.2 

93.2® 

87.9® 

80.6 

Replicate 

1 

97.6 

97.2 

96.2 

94.2 

89.7 

83.3 

2 

96.9 

96.7 

96.4 

94.6 

91.0 

84.1 

Dosage 

.025  cc 

95.9® 

96.0 

95.2® 

93.1® 

89.0 

83.1 

.05  cc 

98.6b 

97.8 

97.4b 

95. 7b 

91.7 

84.3 

AI  Frequency 

1 

96.5 

96.4 

95.1 

93.0 

90.0 

84.4 

2 

98.1 

97.3 

96.6 

95.4 

90.7 

83.2 

3 

97.1 

97.1 

97.2 

94.6 

90.2 

83.5 

Experimental  Mean 

97.3 

96.9 

96.3 

94.4 

90.3 

83.7 

Any  two  means  within  a  treatment  on  the  vertical  which  do  not  have  the  same  superscript  are  significantly  different. 
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TABLE  5 

Analyses  of  variance 1  of  the  weekly  cumulative  percentage  fertility  after  an  insemination  (Experiments  l  and  2) 


Source  of  Variation 

d.f. 

Mean  Squares 

7  days 

10  days 

14  days 

21  days 

28  days 

35  days 

Experiment 

1 

10.2 

11.9 

2.8 

60.5* 

130.8** 

144.5** 

Replicate 

1 

5.9 

8.1 

27.1 

3.1 

11.0 

2.3 

Dosage  (D) 

1 

244.2* 

139.7 

124.9* 

67.7* 

34.9 

2.8 

A. I.  Frequency  (F) 

2 

28.0 

7.2 

32.9 

18.8 

0.9 

2.9 

DX  F 

2 

45.6 

35.1 

15.8 

0.4 

11.3 

3.4 

Error 

16 

37.5 

37.6 

21.9 

9.4 

10.2 

14.2 

'  ANOVA  on  arc  sine  \/%  transformations. 

*  P  <  .05. 

**  P  <  .01. 

Literature  Cited 


Mean' 

TABLE  6 

non-cumulative  fertility  at  weekly  intervals  after 
insemination  by  semen  dosage  treatments 
(Experiments  1  and  2  combined) 

Semen 

Percentage  Fertility  by  Week 

Dosage 

1 

2  3  4 

5 

0.025 

95.9® 

94.6®  87.3®  74.  !b 

56. 7C 

0.05 

98.6® 

96.3®  92.6®  76.3» 

46.3® 

1  Means  within  each  semen  dosage  treatment  with  different 
superscripts  are  significantly  different  from  each  other  ( P  <  0.05). 


neoteric  turkeys. 

The  semen  dosage  data  are  interesting.  A  standard 
dose  of  semen  (0.025  cc.)  presumably  contains  more 
spermatozoa  than  are  necessary  for  maximum  fertil¬ 
ity  (Parker  1946;  Lorenz  1950;  McCartney  1954; 
Brown  1974).  Nevertheless,  in  our  experiments  the 
larger  semen  volumes  consistently  showed  trends  to¬ 
ward  higher  fertility  levels,  and  in  a  number  of  in¬ 
stances  the  larger  semen  volume  gave  significantly 
higher  fertility  (Table  4).  A  cursory  review  of  the 
literature  reveals  similar  trends  both  in  related  experi¬ 
ments  and  in  other  avian  species.  The  significance  of 
this  and  its  explanation  are  open  to  speculation,  but 
most  likely  they  are  related  to  the  retention  of  a 
critical  number  of  spermatozoa. 
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VAS  Delegation  to  the  AAAS  Annual  Meeting, 
Boston,  February  21-24,  1976 

The  Academy  was  represented  by  E.  L.  Wisman 
and  J.  L.  Hess  and  the  Junior  Academy  by  two  stu¬ 
dent  representatives,  Ursula  Schwebs  and  Robert 
Baldwin,  both  of  Arlington,  who  gave  papers  at  the 
meeting  of  the  American  Junior  Academy  of  Science. 

Spring  Council  Meeting  of  the  Academy,  Fairfax, 
March  20,  1976 

The  following  Fellows  of  the  Academy  were 
elected: 

Dr.  Miles  E.  Hench,  Medical  College  of  Virginia 
Mr.  Franklin  D.  Kizer,  State  Department  of 
Education 

Dr.  Russell  J.  Rowlett,  Jr.,  Editor  of  Chemical 
Abstracts. 

The  following  were  elected  Honorary  Life  Mem¬ 
bers  of  the  Academy: 

Lena  Artz  (Teacher,  and  a  student  of  the  Vir¬ 
ginia  flora  in  the  Massanutten  region) 

Lloyd  C.  Bird  (President,  1952—53) 

John  C.  Forbes  (President,  1958-59) 

Boyd  Harshbarger  (President,  1949-50) 

Roscoe  D.  Hughes  (President,  1965-66) 

George  W.  Jeffers  (President,  1941-42) 

1.  D.  Wilson  (President,  1931-32) 

Research  Committee 

The  Research  Committee  of  the  Academy  has  a 
modest  amount  of  funding  for  a  small  number  of 
grants.  Members  of  the  V.A.S.  from  any  discipline  may 
submit  proposals.  Although  most  recent  grants  have 
been  in  the  area  of  biology,  proposals  from  other 
areas  would  be  welcomed  by  the  Committee. 

The  Committee  also  seeks  donors  to  contribute 
financially  to  the  funds  that  the  Academy  has  avail¬ 
able  for  research  grants. 

The  present  chairman  of  the  Committee  is  Dr. 
Rogers  C.  Ritter,  Department  of  Physics,  University 
of  Virginia,  Charlottesville,  VA  22901. 

Recent  Deaths 

Two  members  of  the  Virginia  Academy  of  Science 
have  died  in  recent  months:  Morris  W.  Alexander, 
Extension  Soybean  Specialist  at  the  Holland  Station 
and  member  of  the  Section  of  Agricultural  Sciences, 
on  December  15,  1975;  and  Hiram  R.  Hanmer,  re¬ 
tired  vice  president  of  the  Department  of  Research 
and  Development  of  the  American  Tobacco  Com¬ 
pany,  on  March  25,  1976.  Mr.  Hanmer  was  president 
of  the  Academy  in  1945-46.  He  was  a  research  chem¬ 
ist  with  the  Company  from  1921  on  and  retired  in 
1964. 

As  we  go  to  press  we  have  received  word  of  the 
death  of  Roscoe  D.  Hughes,  a  long-time  member  of 
the  Academy,  former  President  (1965-66),  Fellow 
(since  1970)  and  recipient  of  the  Ivey  F.  Lewis  Distin¬ 
guished  Service  Award  (1970).  Dr.  Hughes  died  on 
April  19,  1976. 


Financial  Assistance  for  using 
Facilities  Unavailable  on  your  Campus 

A  small  grants  program,  funded  by  the  Alfred  P. 
Sloan  Foundation,  enables  faculty  and  Ph.D.  stu¬ 
dents  in  the  natural  sciences  in  Southern  colleges  and 
universities  to  obtain  support  for  expenses  incurred 
while  traveling  to  use  equipment  and  facilities  not 
available  on  their  own  campuses. 

Numerous  facilities  which  might  be  used  through 
this  program  are  listed  in  the  Catalog  of  Uncommon 
Facilities  in  Southern  Universities,  a  publication  of 
the  Southern  Regional  Education  Board  (SREB). 
However,  support  is  not  restricted  to  use  of  facilities 
listed  in  that  document. 

Funding  will  be  given  primarily  for  activities  which 
enhance  the  learning  process  or  have  a  direct  rela¬ 
tionship  to  a  particular  course  of  study.  A  faculty 
member  could  travel  to  another  university  to  use  a 
nuclear  reactor  to  conduct  irradiation  experiments. 
Another  faculty  member  might  use  a  large-core  com¬ 
puter  for  modeling  and  data  analysis.  A  graduate 
student  in  geology  could  use  one  of  the  few  geochro¬ 
nology  laboratories  in  the  region  to  examine  and  date 
samples  he  has  collected. 

The  grants  will  cover  expenses  which  result  from 
the  use  of  facilities,  in  particular  living  and  travel 
expenses  and  charges  that  might  be  assessed  for  using 
the  facilities.  Requests  which  attempt  to  keep  costs  to 
a  minimum  will  be  received  most  favorably  in  an 
effort  to  insure  wide  distribution  of  the  funds. 

The  procedure  to  be  used  in  applying  for  a  grant  is 
as  follows: 

1.  Contact  the  appropriate  official  at  the  in¬ 
stitution  holding  the  facility  to  explain  the 
desired  use  of  the  facility  and  to  arrange  pos¬ 
sible  dates  for  a  visit. 

2.  Apply  to  the  project  director  at  SREB  for 
financial  support.  Indicate  in  the  application 
letter  the  name  and  location  of  the  facility  to 
be  visited,  the  educational  purposes  for  using 
the  facility,  and  estimated  costs  for  transpor¬ 
tation,  living  expenses,  and  use  of  the  facility. 
Correspondence  should  be  addressed  to: 

Dr.  Steven  H.  Smartt 

Southern  Regional  Education  Board 

130  Sixth  Street,  N.W. 

Atlanta,  Georgia  30313 
With  the  application  letter,  enclose  an  en¬ 
dorsement  from  a  school  official.  (Student 
travel  should  be  endorsed  by  the  student’s 
faculty  advisor.  Faculty  travel  should  be  en¬ 
dorsed  by  the  department  chairman.) 

All  grant  requests  will  be  acted  upon  within  three 
weeks  of  the  date  received.  In  approving  an  appli¬ 
cation,  SREB  will  agree  to  reimburse  the  user  for 
expenditures  not  to  exceed  a  specific  amount,  based 
on  the  estimated  costs.  Reimbursement  will  be  made 
upon  receipt  of  an  itemized  expense  account  and  a 
letter  describing  the  experience  and  the  extent  to 
which  the  proposed  objectives  were  accomplished. 


VIRGINIA  JOURNAL  OF  SCIENCE 

OFFICIAL  PUBLICATION  OF  THE  VIRGINIA  ACADEMY  OF  SCIENCE 


VOL.  27, NO.  2 


SUMMER  1976 


VIRGINIA 

JOURNAL  OF  SCIENCE 

OFFICIAL  PUBLICATION  OF  THE 
VIRGINIA  ACADEMY  OF  SCIENCE 


Vol.  27  No.  2  1976 


TABLE  OF  CONTENTS 


Abstracts  of  Papers,  Fifty-fourth  Annual  Meeting  of  the 

Virginia  Academy  of  Science,  May  11-14,  1976,  George  Mason  University, 

Fairfax 

31  Agricultural  Sciences 

38  Astronomy,  Mathematics  and  Physics 

41  Biology 

53  Botany 

61  Chemistry 

69  Education 

72  Engineering 

75  Environmental  Science 

77  Geology 

81  Materials  Science 

84  Medical  Sciences 

88  Microbiology 

94  Psychology 

97  Space  Science  and  Technology 

100  Statistics 

104  Membership  List,  Virginia  Academy  of  Science 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


Official  Publication  of  the  Virginia  Academy  of  Science 

EDITOR 

DAVID  A.  WEST 

SECTION  SECRETARIES 

J.  C.  Smith 

Roger  D.  Anderson 

Agricultural  Sciences 

Environmental  Science 

W.  Barlow  Newbolt 

M.  A.  Sabet 

Astronomy,  Mathematics  and  Physics 

Geology 

Charles  L.  Rutherford 

Stephen  Cupschalk 

Biology 

Materials  Science 

Martha  K.  Roane 

Claire  Parsons 

Botany 

Medical  Sciences 

Oscar  R.  Rodig 

Mario  R.  Escobar 

Chemistry 

Microbiology 

Elizabeth  Waring 

James  Couch 

Education 

Psychology 

William  J.  Breedlove 

James  N.  Moss 

Engineering 

Marion  B.  Reynolds,  Jr. 

Space  Science  and  Technology 

Statistics 

BUSINESS  MANAGER 

Temporarily  Vacant 

Published  quarterly  by  The  Virginia  Academy  of 
Science,  Department  of  Biology,  Virginia  Polytechnic 
Institute  and  State  University,  Blacksburg,  Virginia 
24061.  Second-class  postage  paid  at  Richmond, 
Virginia. 

Manuscripts  for  publication  (other  than  section 
abstracts)  should  be  sent  to  the  Editor,  Dr.  David  A. 
West,  Department  of  Biology,  V.P.I.  and  S.U., 
Blacksburg,  Virginia  24061.  Proof,  edited 
manuscripts,  and  all  correspondence  regarding  ac¬ 
cepted  papers  should  be  sent  to  the  Editor. 

Advertising  and  Business  Office:  All  cor¬ 
respondence  relating  to  advertising  and  business 
affairs  should  be  directed  to  Business  Manager, 
Virginia  Journal  of  Science,  c/o  Department  of 
Biology,  V.P.I.  and  S.U.,  Blacksburg  Va.  24061. 

The  Virginia  Academy  of  Science  and  the  Editors 
of  the  Virginia  Journal  of  Science  assume  no  respon¬ 
sibility  for  statements  or  opinions  advanced  by  con¬ 
tributors. 

©Copyright,  1976,  by  the  Virginia  Academy  of  Sci¬ 
ence. 


Business  and  Subscription  Information 

All  remittances  and  orders  for  advertising  and  sub¬ 
scriptions  should  be  sent  to  the  Business  Manager, 
Virginia  Journal  of  Science,  c/o  Department  of 
Biology,  V.P.I.  and  S.U.,  Blacksburg,  Va.  24061. 
Changes  of  address  should  be  sent  promptly  to 
Blanton  M.  Bruner,  Executive  Secretary-Treasurer, 
Virginia  Academy  of  Science,  P.  O.  Box  8454,  Rich¬ 
mond,  Virginia  23226.  Changes  of  address  must  in¬ 
clude  both  new  and  old  addresses  with  zip  code. 


Subscription  rates  for  1976:  $10.00  per  year, 
U.S.A.;  Canada  and  other  countries  of  the  Pan- 
American  Union,  $10.50  per  year;  all  other  foreign 
countries,  $11.00  per  year.  All  foreign  remittances 
must  be  made  at  par  U.S.  dollars  or  the  foreign 
equivalent.  U.S.  dollar  remittance  is  suggested  to 
avoid  currency  fluctuation  problems  and  possibly  un¬ 
favorable  exchange  rates. 

Back  issues  are  available  for  some  years  at  $3.00 
per  issue  plus  postage. 


Proceedings,  1974-1975 


31 


Abstracts  of  Papers 

Section  of  Agricultural  Sciences 


Fifty-fourth  Annual  Meeting  of  the  Virginia  Academy  of  Science 
May  11-14,  1976,  Fairfax,  Virginia 


32 


The  Virginia  Journal  of  Science 


Proceedings,  1974-1975 


33 


34 


The  Virginia  Journal  of  Science 


Proceedings,  1974-1975 


35 


36 


The  Virginia  Journal  of  Science 


Proceedings,  1974-1975 


37 


38 


The  Virginia  Journal  of  Science 


Section  of  Astronomy,  Mathematics,  and  Physics 

Fifty-fourth  Annual  Meeting  of  the  Virginia  Academy  of  Science 
May  11-14,  1976,  Fairfax,  Virginia 


Proceedings,  1974-1975 


39 


THE  ELECTROSTATIC  PLUME.  G.  E.  Copeland,  Old  Dominion 
University,  Norfolk,  Virginia. 

The  electrical  potential  produced  by  a  charged  aerosol 

assumes:  constant  wind  speed  with  height;  different  diffu¬ 
sion  coefficients  cross  and  down  wind;  plume  bounce  when  in 
contact  with  the  ground;  and  dispersion  coefficients  that 
are  functions  of  down  wind  position  and  meteorological 
stability  class.  The  plume  model  calculate  the  time  aver¬ 
aged  spatial  mass  loading  i(j  (xyz)  as  a  function  of  position 
(xyz)  down  wind  from  source.  The  space  charge  density 
p (xyz)  is  assumed  proportional  to  the  mass  concentration 
i|i  (xyz)  .  The  electrostatic  potential  function  is  obtained 
by  numerical  integration  of  Poisson’s  equation.  Electro¬ 
static  potential  maps  are  obtained  for  various  cross  sections 
through  and  over  the  plume.  Application  to  remote  sensing 
using  airborne  electrical  sensors  of  diffusion  character¬ 
istics  and  mass  loading  of  plumes  is  suggested. 


RATE  OF  PLASMA  FLOW  THROUGH  MAGNETIC  LINE  CUSPS. 

D.  G.  Fitzsimons* ,  R.  E.  Kribel,  K.  N.  Leung,  and  G.  R. 
Taylor.  Dept,  of  Physics,  Madison  College,  Harrisonburg, 

Va.  22801 

A  magnetic  grid  that  generates  localized  full -line  cusp 
fields  is  placed  inside  a  multidipole  plasma  device.  It 
separates  the  chamber  into  a  "driver"  region  in  which  plasma 
is  produced  and  a  "target"  region.  The  rate  of  plasma  flow 
through  the  cusps  from  the  driver  to  the  target  side  is 
measured  by  a  double  Langmuir  probe.  The  saturated  ion 
currents  J+  and  J.  collected  in  the  two  opposite  directions 
at  the  cusp  are  different.  The  plasma  drift  velocity  can  be 
determined  from  the  expression  V  =  (J+  -  J-)/ne  where  n  is 
the  plasma  density  and  e  is  the  electron  charge. 


HOLOGRAPHIC  SPECTROSCOPY  OF  LASER  DIODES.  J.  M.  Franke*, 
NASA-Langley  Research  Center,  Hampton,  VA  23665  and 
Dr.  Jacob  Becher,  ODU,  Dept,  of  Physics  and  Geophysics, 
Norfolk,  VA  23508 

Presented  will  be  results  from  the  measurement  of 
spectra  and  coherence  length  of  pulsed  and  continuous  lasing 

wavefront  autocorrelation  function  holographically.  The 

hologram  with  a  narrow  laser  beam.  The  spectra  can  be  re¬ 
covered  by  performing  a  Fourier  Transform  on  the  recovered 
autocorrelation  function  or  by  optically  performing  the 
Fourier  Transform  on  the  reconstructed  wavefront  from  the 
hologram 


ATLAS.  L.  w.  Fredrick,  H.  E.  Utiger*.  Dept,  of  Astronomy, 
Univ.  of  Va. ,  Charlottesville,  Va. 

The  Astrometric  Telescope  Laser  Alignment  System  (ATLAS) 
is  described  as  a  fast  reliable  system  for  aligning  the 
major  optical  components  of  an  astranetric  telescope.  The 
laser  is  used  to  generate  a  well  collimated  ray  which  is 
traced  through  the  system.  The  ray  is  aligned  perpendicular 
to  the  corrector  plate  and  there  after  all  optical  surface 
alignment  are  referenced  to  the  corrector  plate.  By  rotat¬ 
ing  the  ray  around  the  telescope's  optic  axis  the  reflected 
ray  traces  various  patterns  within  the  telescope  on  planes 
perpendicular  to  the  optic  axis.  These  patterns  are  inter¬ 
preted  as  tilts  or  translations  of  the  optical  elements  in 
the  system.  The  ATLAS  may  be  used  with  other  types  of  tele¬ 
scopes  and  is  adaptable  for  measuring  other  telescope  para¬ 
meters  such  as  flexure  of  the  telescope  as  a  function  of 
zenith  angle. 


A  RESONANCE  TUBE  FOR  STUDYING  MOLECULAR  RELAXATION  IN  Ng-HgO 
GAS  MIXTURES. t  W.  A.  Griffin,  Dept,  of  Physics  and  Geo¬ 
physical  Sciences,  Old  Dominion  Univ.,  Norfolk,  Va.  23508 

A  resonance  tube  is  under  development  at  NASA,  LRC  to 
study  sound  absorption  in  Ng-HgO  gas  mixtures  at  ambient 
temperature  and  with  frequency/pressure  (f/p)  ratios  in  the 
range  0.1-1000  Hz/atm. 

Current  knowledge  regarding  the  role  of  nitrogen  in  sound 
absorption  in  the  atmosphere  is  scanty.  In  1969,  results  of 
independent  investigations  indicated  that  this  role  might  be 
signifi  cant. 

The  purpose  of  the  present  study  is  to  determine  the 
location  of  the  nitrogen  vibrational  relaxation  peak  on  the 
f/p  axis  as  a  function  of  humidity. 

The  principle  of  the  measurement,  anticipated  test  pro¬ 
cedure,  and  tube  construction  are  discussed. 


t  Work  supported  by  NASA. 


INNOVATIVE  PHYSICS  TEACHING  VIA  TRIPLE  STAGE  INTERACTION 
MODEL.  Lubna  R.  Ijaz,  Dept,  of  Physics,  VPI&SU,  Blacksburg, 
VA.  24061 

A  new  triple  stage  interaction  (TSI)  model  has  been  de¬ 
veloped  for  individualizing  Physics  education  for  greater 
academic  achievement  of  each  student  in  a  classroom  environ¬ 
ment.  The  TSI  model  in  brief  is  an  attribute-task-treatment 
design  in  three  stages.  In  the  diagnostic,  first  stage, 
students'  abilities  and  attributes  were  analyzed  through 
cognitive  style  tests.  In  the  second  stage,  students'  attri¬ 
butes  and  learning  styles  were  matched  with  the  appropriate 
task.  In  the  third  stage  treatment  conditions  were  designed 
under  which  maximum  learning  would  take  place. 

An  introductory  Physics  course  based  on  the  TSI  model  was 
taught  during  academic  year  1974-75  at  Virginia  Tech's  Phy¬ 
sics  Dept,  to  sophomore  students.  A  pretest-posttest  ran- 

paring  student  achievement  in  the  course.  To  motivate  the 
students  to  come  to  class  reward  certificates  and  surprise 
packages  were  distributed  occasionally.  The  final  exam  and 
posttest  results  showed  that  students  in  the  TSI  course 
(expt.  group)  had  much  superior  achievement  and  attitude 
toward  Physics  as  compared  to  the  PSI  course  (control  group) 
students.  The  TSI  group  also  showed  a  better  subject  matter 
retention  on  the  posttest  given  after  ten  weeks  as  compared 
to  the  PSI  group. 


40 


The  Virginia  Journal  of  Science 


PLA34A  LEAKAGE  WIDTH  OF  MAGNETIC  LINE  CUSPS.  K.  N.  Leung, 

R.  E.  Kribel,  and  G.  R.  Taylor.  Dept,  of  Physics,  Madison 
College,  Harrisonburg,  Va.  22801 

The  effective  mean  free  path  X  of  the  primary  ionizing 
electrons  in  the  multidipole  device  can  be  measured  for  He, 

Ar,  and  Xe  plasmas  by  inserting  a  negatively  biased  metal 
plate  (=  100  sq.  cm)  to  collect  ion  currents.  From  the 
resulting  small  drop  in  plasma  density,  X  can  be  calculated. 
With  the  knowledge  of  the  plasma  flow  velocity  measured  by  a 
double  Langmuir  probe  and  the  effective  mean  free  path  of 
the  primary  electrons,  the  leakage  width  of  He,  Ar,  and  Xe 
plasmas  into  the  magnetic  pole  faces  can  be  estimated  by 
balancing  the  production  and  loss  rate  of  the  ions. 

The  Spreading  of  a  Beam  of  Cs  ions  in  the  Upper 
Atmosphere  due  to  Scattering.  D.  L.  Nicholson  and  W.  B. 

Newbolt,  Washington  and  Lee  University.  A  simple  exponen¬ 
tial  model  of  the  atmosphere  and  the  assumption  that  the 
interactions  are  entirely  due  to  Rutherford  Scattering  have 
been  used  to  calculate  the  level  at  which  the  mass  of  a 

50  KeV  beam  of  Cs  Ions  will  be  deposited  and  the  approxi¬ 
mate  size  of  its  footprint  on  the  atmosphere.  Our  results 
indicate  that  most  of  the  mass  will  be  deposited  at  an 
altitude  of  approzi mate ly  112  km  and  that  the  spot  size 
may  be  smaller  than  .25  km. 

A  MULTI -LINE- CUSP  PLASMA  CONFINEMENT  DEVICE.  S.  L.  Paul*, 

J.  M.  Barrick*,  D.  G.  Fitzsimons*,  and  K.  N.  Leung.  Dept, 
of  Physics,  Madison  College,  Harrisonburg,  Va.  22801 

An  inexpensive  simple  D.C.  discharge  plasma  device  is 
constructed  from  a  stainless  steel  vessel  (36  cm  diam. ,  40 
cm  long)  with  an  external  system  of  permanent  magnets  (max 

B  =  2KG).  The  multi-cusp  field  improves  the  plasma  ion 
confinement  time  by  a  factor  of  three  over  a  non-magnetized 
plasma.  The  primary  ionizing  electrons  on  the  other  hand 
are  contained  very  efficiently  and  account  for  the  large 
increase  in  plasma  density.  The  uniformity  and  quiescence 
of  this  type  of  multidipole  plasma  will  also  be  presented. 

Photographic  Technique  for  Analyzing  the  Effects 

of  Irradiation  on  a  UV  Converter,  Cole  Smith* 

Jacob  Becher,  Chester  Reft,  OJLd,  Dominion  University,  Norfolk. 

A  study  was  undertaken  to  investigate  the  background  illumi¬ 
nation  produced  in  a  UV  converter  upon  exposure  to  electron 
radiation  in  the  earth's  radiation  belts.  A  90Sr  source  was 
used  to  simulate  the  flux  levels.  Photographs  were  made  at 
various  exposure  times  and  under  different  shielding  config¬ 
urations,  using  various  thicknesses  of  lead  and  aluminum. 
Electrons  with  an  energy  spectrum  of  .5  MeV  to  1.5  MeV  and 
below  were  collimated  through  a  narrow  lead  slit  and  allowed 
to  impact  the  UV  converter.  The  UV  converter  consists  of 
a  MgF-2  window  followed  by  a  CsTe  photocathode.  5000  V  were 
used  to  accelerate  photoelectrons  from  the  photocathode  to  the 
P-11  phosphor  screen,  where  observations  were  made.  To  record 
the  low  intensity  background,  Polaroid  3000  film  was  used  with 

radiation  arising  in  the  lead  collimator  was  reduced  by  sheets 
of  aluminum  sandwiched  between  the  lead  slits,  reducing  the 
fog  level.  Results  indicate  a  substantial  increase  in 
phosphor  output  when  the  high  voltage  is  switched  on.  The 
slit  image  is  identifiable  plus  the  electrons  seem  to  produce 
a  weaker  background  component  comparable  in  intensity  to  the 
Bremss trahlung  fogging  but  limited  to  the  area  of  the  P-11 
phosphor.  Since  measurable  electron  activation  of  the  con¬ 
verter  seems  to  be  occuring,  and  even  low-level  image  contam¬ 
ination  is  undesirable,  the  data  obtained  should  contribute 
information  on  shielding  requirements  for  UV  converters  used 
in  the  near-earth  snace  environment- 

THE  SHELL  TRANSFER  EFFECT  IN  PION  REACTIONS  WITH  EVEN-EVEN 
SD-SHELL  NUCLEI.  C.  E.  Stronach  and  J.  H.  Stith*,  Dept,  of 
Physics,  Va.  State  Col.,  Petersburg,  Va.  23803;  B.  J.  Lieb, 
Dept,  of  Physics,  George  Mason  Univ.,  Fairfax,  Va.  22030; 

H.  0.  Funsten  and  W.  J.  Kossler" ,  Dept,  of  Physics,  Col.  of 
William  and  Mary,  Williamsburg,  Va.  23185;  H.  S.  Plendl, 

Dept,  of  Physics,  Florida  State  Univ.,  Tallahassee,  Fla. 

32306;  V.  G.  Lind*,  Dept,  of  Physics,  Utah  State  Univ., 

Logan,  Ut.  84321. 

Examination  of  the  spectra  of  y  rays  taken  at  SREL1  with 
a  Ge(Li)  detector  in  prompt  coincidence  with  220-MeV  ir", 

190-MeV  7T+,  and  0-MeV  it"  incident  on  32S  and  40Ca  shows 
large  cross  sections  for  production  of  the  7/2"  states  of 

29Si  and  37Ar  respectively.  These  are  anomalously  large  in 
comparison  with  statistical  calculations  relative  to  produc¬ 
tion  of  other  excited  states  of  the  same  daughter  nuclei, 
and  also  in  terms  of  production  of  AA  =  3  daughter  nuclei 
with  respect  to  other  AA  values.  These  7/2"  states  have 
large  (d,p)  spectroscopic  factors.  These  findings  suggest 
that  the  mechanism  may  involve  an  initial  reaction  with  an 
a  cluster,  followed  by  recapture  of  a  neutron,  with  the 
final-state  interaction  being  a  stripping  process.  (Aided 
by  NASA  grant  NGR  47-014-006  and  NSF  grant  NSF-GP-42001) . 

I.  The  Space  Radiation  Effects  Laboratory  is  supported  by 

the  NSF,  NASA,  and  the  Commonwealth  of  Virginia. 

ERRORS  ASSOCIATED  WITH  MINI-CCMPUTER  ANALYSIS  OF  MULTIDIPOLE 
PLASMA  LANGMUIR  PROBE  CHARACTERISTICS.  G.  R.  Taylor  and 

K.  N.  Leung.  Dept,  of  Physics,  Madison  College, 

Harrisonburg,  Va.  22801 

A  simple  model  to  analyze  the  Langmuir  probe  characteris¬ 
tics  of  a  multidipole  plasma  using  a  mini-computer  will  be 
reviewed.  The  accuracy  of  the  model  has  been  tested  by 
varying  the  number  of  input  data  points  from  the  experimen¬ 
tal  probe  trace.  The  probable  error  in  the  electron  temper¬ 
ature,  plasma  density,  and  primary  electron  density  will  be 
discussed. 
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THE  EFFECTS  OF  CROWDING  AND  DENSITY  ON  SPONTANEOUS  METAMOR¬ 
PHOSIS  IN  AMBYSTOMA  JEFFERSONIANUM.  W.M.  ANDERSON*.  Dept,  of 
Biology,  Old  Dominion  Univ.,  and  Dept,  of  Pathology,  Eastern 
Virginia  Medical  School,  Norfolk,  Virginia,  23508. 

The  effect  of  crowding  (numbers  in  a  social  group)  at  a 
constant  density  (numbers  per  unit  volume)  was  shown  to  re¬ 
tard  the  rate  of  metamorphosis  and  early  growth  in  Ambystoma 
jeffersonianum  larvae.  Seventy  three  larvae  (one  month  old) 
of  similar  size  and  morphology  were  grown  in  cultures  con¬ 
taining  varied  numbers  of  animals  (1,5,10)  with  1  animal  per 
200  ml  of  water.  Provision  for  surplus  food  and  daily  re¬ 
placement  of  water  prevented  competition  for  food  and  accu¬ 
mulation  of  growth  inhibiting  metabolites. 

Measurement  was  made  of  the  time  elasped  from  introduc¬ 
tion  into  aquaria  to  the  emergence  of  juveniles  from  the 
water.  Snout-tail  tip  measurements  were  made  after  two 
weeks  growth.  Animals  grown  in  isolation  reached  the  se¬ 
lected  point  in  metamorphosis  in  a  mean  of  33.1+5.3  days, 
those  in  groups  of  5  in  42.7±8.3  days  and  those  in  groups 
of  10  in  42.9±6.3  days.  Isolated  animals  averaged  6  mm 
longer  than  grouped  animals  after  two  weeks  growth.  The 
data  indicates  that  grouping  of  larvae  retards  metamorphosis 
significantly  (p<0.01)  and  results  in  a  smaller  mean  body 
length  (p<0.01)  after  two  weeks.  This  experiment  suggested 
that  social  and  behavioral  factors  rather  than  spatial 
factors  are  involved  in  inhibition  of  metamorphosis. 
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INCREASED  RESISTANCE  OF  MICE  TO  PLASMODIUM  BERGHEI  FOLLOW¬ 
ING  PRETREATMENT  WITH  ENDOTOXIN.  D.  T.  John,  G.  K.  Vogel* 
and  S.  G.  Bradley.  Dept,  of  Microbiol.,  V a.  Commonwealth 
Univ.,  Richmond,  V a.  23298 

Bacterial  endotoxin  has  been  shown  to  enhance  host  re¬ 
sistance  to  certain  infections.  It  may  also  increase  sus¬ 
ceptibility  of  the  host  if  given  simultaneously  with  the 
infectious  agent  or  if  administered  after  an  infection 
has  been  established.  In  this  study  we  have  evaluated  the 
capability  of  bacterial  endotoxin  and  lipid  A,  the  active 
component  of  endotoxin,  to  evoke  increased  resistance  to 
challenge  with  Plasmodium  berghei  that  produced  fatal 
malaria  in  mice-!  Male  DUB/ICR  mice  weighing  20-25  g  were 
administered  Escherichia  col i  01 27 : B8  LPS  (4  mg/kg)  or 
lipid  A  (50  mg/kg)  24  hr  before  challenge  with  1  x  107  £_. 
berghei  NYU-2  infected  erythrocytes  per  mouse.  Mice  pre¬ 
treated  with  endotoxin  showed  prolonged  survival  whereas 
mice  previously  treated  with  lipid  A  showed  shortened  sur¬ 
vival.  On  day  21  the  cumulative  mortality  was  1 00%  for 
lipid  A-treated  mice,  75%  for  untreated  control  mice  and 
50%  for  endotoxin-treated  mice.  In  general,  erythrocyte 
counts,  hematocrits  and  hemoglobin  levels  were  reduced  to 
a  lesser  degree  in  endotoxin-treated  animals  and  to  a 
greater  degree  in  lipid  A-treated  animals  as  compared  to 
untreated  controls.  Endotoxin-treated  mice  had  lower  levels 
of  parasitemia  than  control  mice.  These  results  indicate 
that  endotoxin  afforded  some  protection  to  £.  berghei  infec¬ 
ted  mice  whereas  lipid  A  rendered  mice  more  susceptible  to 
P.  berghei  infection. 
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AGGLUTINATION  OF  NAEGLERIA  WITH  C0NCANAVALIN  A.  S.  L. 
Josephson*  and  D.  T.  John.  Dept,  of  Microbiol.,  Va. 
Commonwealth  Univ.,  Richmond,  Va.  23298 

Studies  with  pathogenic  and  nonpathogenic  strains  of 
certain  amoebae  including  Entamoeba  histolytica  and  Acanth- 
amoeba  have  indicated  differences  in  ability  to  agglutinate 
with  concanavalin  A  (Con  A).  The  ability  of  nonpathogenic 
Naegleria  gruberi  and  pathogenic  Naegleria  fowleri  to  aggl¬ 
utinate  with  Con  A  was  examined.  Results  of  several  experi¬ 
ments  showed  that  N_.  gruberi  (EGB)  would  agglutinate  in  the 
presence  of  Con  A  whereas  N.  fowleri  (LEE)  would  not  agglu¬ 
tinate.  The  agglutination  of  N_.  gruberi  proved  to  be  Con  A 
dependent  since  the  use  of  low  temperatures  (4  C)  and  a- 
methyl-D-mannoside,  a  competitive  Con  A  binder,  prevented 
Con  A-induced  agglutination.  N_.  fowleri  would  not  agglu¬ 
tinate  even  at  concentrations  of  1  mg/ml  Con  A.  N.  gruberi 
showed  visible  agglutination  at  1  ug/ml  Con  A.  The  extent 
of  agglutination  and  firmness  of  cell  to  cell  binding  was 
time  dependent.  These  data  indicate  a  virulence  associated 
factor  affecting  the  ability  of  Naegleria  strains  to  under¬ 
go  Con  A  induced  agglutination  and  provides  a  potential 
means  of  quickly  identifying  probable  pathogenicity. 


PRELIMINARY  STUDIES  ON  THE  DISTRIBUTION  OF  THE  ICHTHYOFAUNA 
OF  FAIRFAX  COUNTY,  VIRGINIA.  Don  P.  Kelso*  and  Cheryl  F. 
Bright*.  Dept,  of  Biology,  George  Mason  Univ.,  Fairfax,  Va. 
22030 

The  fish  fauna  of  Fairfax  County,  Va.  is  being  sampled 
as  part  of  the  establishment  of  environmental  baseline  in¬ 
program.  Sampling  has  been  done  at  119  sties  with  two  1/4 
inch  mesh  seines,  one  20  feet  long  with  a  4  foot  square 
bag  and  the  other  10  feet  long  without  a  bag. 

The  major  factor  affecting  the  distribution  of  a  species 
is  the  physiographic  separation  between  the  Coastal  Plain 
and  the  Piedmont.  A  second  major  factor  is  the  effect  of 

shed.  This  effect  varies  with  each  species  and  with  the 
magnitude  of  the  alteration.  Thus,  while  many  species,  such 
as  Rhinichthys  atratulus,  are  widespread  in  their  distri¬ 
bution,  others  such  as  Salvelinus  fontinalis,  are  re- 

Comparison  of  recent  collections  with  ones  made  in  the 
early  1900's  reveals  that  the  ichthyofauna  of  all  the 
sampled  streams  has  changed,  most  often  with  a  loss  of 
species  in  recent  times.  For  example,  Campostoma  anomalum 
is  no  longer  found  in  Fairfax  County. 
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INFLUENCE  OF  VARYING  DEGREES  OF  NUTRITIONAL  RESTRICTION  ON 
VAGINAL  ESTRUS  AND  REPRODUCTIVE  ORGANS  OF  WHITE-FOOTED  MICE. 
R.  L.  Kirkpatrick  and  M.  H.  Merson*.  Dept,  of  Fisheries 
and  Wildlife  Sciences,  Va.  Polytechnic  Inst,  and  State 
Univ.,  Blacksburg,  Va.  24061. 

Forty  female  white-footed  mice  (Peromyscus  leucopus) 
between  200  and  300  days  of  age  were  individually  caged  and 
randomly  assigned  to  one  of  the  following  feeding  regimes 
for  3  weeks:  ad  libitum  diet;  90  percent  ad  libitum;  80 
percent  ad  libitum  and  70  percent  ad  libitum.  Feed  used 
was  milled  Purina  Lab  Chow.  Food  consumption  of  the  ad 
libitum  animals  was  measured  over  3  or  4  day  intervals  and 
the  amount  of  food  given  to  the  restricted  groups  was  ad¬ 
justed  accordingly.  Vaginal  smears  were  taken  the  last  8 
days  of  treatment.  The  percent  of  each  feed  group  exhibit¬ 
ing  an  estrous  smear  at  least  once  during  the  8  days  was 
100,  12,  10,  and  10  for  the  four  groups,  respectively.  Con¬ 
versely,  the  percent  exhibiting  a  closed  vaginal  orifice  at 
least  once  was  20,  50,  70,  and  80.  Paired  overian  weights 
at  sacrifice  were  17.0,  13.7,  15.4  and  12.1  mg;  uterine 
weights  were  101,  71,  31,  and  30  mg  for  the  four  respective 
feed  groups.  Body  weight  changes  over  the  3  week  feeding 
period  were  -0.4,  -0.2,  -0.6,  and  -1.3  gms ,  respectively. 
Adrenal  weights  were  not  affected  by  feeding  treatment.  It 
appears  that  as  little  as  a  10  percent  reduction  in  food 
supply  can  cause  a  marked  reduction  in  reproductive  activity 
of  captive  white-footed  mice.  (Supported  in  part  by  PHS 
Grant  No.  R01-ES00863. )  Bio  29 


PLASMA  PROGESTIN  LEVELS  OF  FEMALE  WHITE-TAILED  DEER 
DURING  THE  ESTROUS  CYCLE.  R.  L.  Kirkpatrick,  R.  W. 
Vogelsang,  R.  J.  Warren,  and  P.  F.  Scanlon.  Dept,  of 
Fisheries  and  Wildlife  Sciences,  Va.  Polytechnic  Inst. 

&  State  Univ.,  Blacksburg,  Va.  24061. 

Three  4.5  year  old,  semi-tame,  female  white-tailed 
deer  (Odocoileus  virginianus)  were  used  to  determine 
cyclic  changes  in  plasma  progestin  levels.  The  deer  were 
physically  restrained  and  bled  from  the  jugular  vein 
every  third  or  fourth  day  beginning  on  day  2  of  the 
estrous  cycle.  Estrus  was  determined  by  placing  the  does 
with  either  an  intact  or  vasectomized  buck  and  the  day  of 
estrus  was  counted  as  day  one  of  the  estrous  cycle. 

Plasma  was  obtained  from  the  blood  and  assayed  for  pro- 
gestins  by  a  competitive  protein  binding  assay.  Average 
concentration  of  progestin  for  the  3  does  was  undetectable 
on  days  2  and  5  (<0.25  ng/ml) ,  rose  to  0.80  ng/ml  on  day 
9,  reached  a  peak  of  2.46  ng/ml  on  day  12,  declined  to 
1.23  ng/ml  on  day  16,  showed  a  second  rise  to  1.43  ng/ml 
on  day  19,  then  declined  to  0.40  ng/ml  on  day  23,  and  on 
to  undetectable  levels  on  day  26,  which  was  the  mean  time 
of  next  estrus.  In  general,  the  magnitude,  pattern  of 
change  and  individual  variability  of  progestin  levels  in 
the  does  were  similar  to  those  reported  for  domestic  sheep 
by  Stabenfeldt  et  al.  (1969,  Endocrinology.  85:11). 


THE  EFFECT  OF  SODIUM  SELENITE  CM  AFLATOXIN  Bx  TOXICITY 
IN  GERBILS  (Mevior.ss  unguioulatus ) .  j.h.  Lalor  and 
G.C.  Llewellyn.  Dept,  of  Biology,  Virginia  Oonmonwealth 
Univ.  Richmond,  Va  23284. 

Hie  interaction  of  sodium  selenite  with  aflatoxin  Bj 
was  studied.  Each  of  four  groups  of  juvenile,  male 
Mongolian  gerbils  were  fed  one  of  four  diets:  control; 
control  &  12.8  ppm  aflatoxin  Bq^;  control  &  5.0  ppm 
Na2SeQ3  or  control  &  12.8  pptn  aflatoxin  Bi  &  5.0  ppm 
Na2SeC>3.  In  all  parameters  studied,  the  control  animals 
and  sodium  selenite  supplemented  animals  showed  similar 
trends.  In  both  groups  receiving  aflatoxin,  body  weight, 
water  and  food  consumption  all  appeared  similar.  Ml 
animals  receiving  experimental  diets  showed  a  decrease  in 
growth  rate.  Gross  pathological  observations  indicated 
some  protective  effect  of  sodium  selenite  against  the 
aflatoxin  treatment.  This  reduced  effect  was  noted  also 
in  the  histopathological  examinations  made  on  liver  tissue. 
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Section  of  Botany 

Fifty-fourth  Annual  Meeting  of  the  Virginia  Academy  of  Science 
May  11-14,  1976,  Fairfax,  Virginia 
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BETULA  UBER,  THE  VIRGINIA  ROUND-LEAF  BIRCH,  REDISCOVERED 
IN  SOUTHWEST  VIRGINIA. 

Douglas  W.  Ogle,  Dept,  of  Biology,  Va.  Highlands  Cmnty. 
Col.,  Abingdon,  Va.  24210  and  P.M.  Mazzeo,  U.S.  Nat. 
Arboretum,  Washington,  D.C.  20002 

Betula  uber  (Ashe)  Femald,  unknown  as  a  living  plant 
for  over  60  years  and  though  to  be  extinct,  has  been 
rediscovered  in  Smyth  County,  Virginia.  It  is  represented 
by  one  known  population  consisting  of  12  mature  trees,  one 
sapling,  and  21  seedlings.  Details  relative  to  its 
history,  rediscovery,  habit,  habitat,  and  common  name  are 
given . 


NOTES  ON  SOME  OF  VIRGINIA'S  RARE  PLANTS. 

Douqlas  W.  Ogle,  Dept,  of  Biology,  Virginia 
Highlands  Community  College,  Abingdon,  Va.  24210 
Distributions  of  the  following  Southwest 
Virginia  plants  are  discussed  and  localities  are 
given.  Kalmia  Carolina  Small,  Triphora  trian- 
thophora  (Sw.)  Rydb. ,  and  Desmodium  canadense 
(L.)  DC.' 


GERMINATION  AND  SPOROPHYTE  DEVELOPMENT  OF 
DRY0PTERIS,  PART  I.  J.  Michael  Pitchford*  Dept, 
of  Biological  Sciences,  Old  Dominion  University, 
Norfolk,  VA  23508 

This  project  is  the  first  part  of  a  series  of 
studies  of  Dismal  Swamp  Drvopteris .  The  purpose 
of  this  project  was  to  determine  the  length  of 
time  from  spore  germination  to  sporophyte  develop¬ 
ment  for  each  species ,  and  to  note  any  differences 
in  the  morphology  of  the  gametophytes .  Spores  of 
D.  celsa.  D.  cristata,  D.  intermedia.  D.  spinulosa 
and  D.  x~separabilis .  were  collected  in  the  fall 
of  1975  and  germinated  on  peat  pellets  in  a  con¬ 
trolled  incubator.  -The  temperature  was  maintained 
between  25°C  and  3°°C  with  the  light  on  a  twelve 
hour  cycle.  The  length  of  time  to  sporophyte 
development  differed  from  species  to  species  with 
2-  celsa  being  the  shortest  and  D.  intermedia  the 
longest.  The  gametophytes  of  the  diploid  species 
(D.  intermedia)  were  smaller  than  the  tetraploids 
(D.  celsa.  D.  cristata.  D.  spinulosa) .  (Aided  by 
NSF  grant  EP075-04303)  . . 


SOME  INTERESTING  TAXA  FROM  A  FLORA  OF  HONE 
QUARRY,  ROCKINGHAM  COUNTY,  VIRGINIA.  Gerald  F. 
Roe*.  Dept,  of  Biology,  Col.  of  William  and 
Mary,  Williamsburg,  Va.  23185 

A  floristic  study  of  the  Hone  Quarry  water¬ 
shed  was  conducted  from  1973  to  1975-  Hone 
Quarry  encompasses  approximately  11  square  miles 
of  mountainous  area  in  the  George  Washington 
National  Forest  in  Virginia;  the  area  is  within 
Rockingham  County.  The  points  that  will  be  em¬ 
phasized  include  a  description  of  the  various 
habitats  found  there,  county  record  data,  a  dis¬ 
cussion  of  some  of  the  uncommon  and  rare  plant 
species  occurring  there,  and  mention  of  a  plant 
record  for  Virginia,  Epipactis  helleborine  (L.) 
Crantz.  Trillium  pus ilium  Michx.  is  reported  for 
Rockingham  County  as  a  significant  distributional 
plant  record. 


EVALUATION  OF  SPECTRO PHOTOMETRIC  METHODS  FOR  MEASURING  GLY- 
C0LATE  OXIDASE  ACTIVITY  IN  COTTON  LEAF  EXTRACTS.  Philip  N. 
Russ*  and  John  L.  Hess.  Dept,  of  Biochemistry  and  Nutr., 

Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 
As  glycolate  oxidase  catalyzes  the  following  reaction, 
glycolate  +  O2  — *  glyoxalate  +  H2O2,  it  may  have  a  central 
role  in  photorespiration  in  green  plants.  This  enzyme  has 
been  traditionally  monitored  by  measuring  O2  uptake  or  by 
the  spectrophotometric  determination  of  dichloroindophenol 
reduction  under  anaerobic  conditions;  these  procedures  are 
either  insensitive  or  cumbersome.  We  evaluated  the  reaction 
in  which  H2O2  formed  during  glycolate  oxidation  is  coupled 
to  oxidation  of  diaminobenzidene  by  the  addition  of  horse¬ 
radish  peroxidase.  The  technique  also  provides  opportunity 
to  visualize  glycolate  oxidase  on  polyacrylamide  gels  fol¬ 
lowing  electrophoresis.  Final  concentrations  in  the  assay 
were:  0.23  M  phosphate  buffer,  pH  8.3;  diaminobenzidene, 

0.4  mg/ml;  horseradish  peroxidase,  66  pg/ml;  and  glycolate, 
10  mM.  Glycolate  oxidase  was  isolated  from  cotton,  var. 
Coker  310,  and  reaction  rates  monitored  at  366  nm  were  de¬ 
termined  to  be  linear  with  respect  to  time  and  enzyme  con¬ 
centration.  The  reaction  required  both  glycolate  and  02- 
The  Km  for  glycolate  was  determined  to  be  0.87  mM.  FMN 
addition  did  not  enhance  activity  of  the  oxidase  from  cot¬ 
ton.  In  conclusion,  we  commend  this  assay  to  be  a  direct, 
convenient  means  for  monitoring  glycolate  oxidase  offering 
distinct  advantages  over  other  assay  techniques.  (Supported 
by  CSRS  Grant  316-15-93.) 


SOME  FOSSIL  PLANTS  FROM  THE  MISSISSIPPIAN  OF  SOUTHWESTERN 
VIRGINIA.  J.E.  Skog*  and  P.  G.  Gensel*,  Dept,  of  Biology 
George  Mason  Univ.,  Fairfax,  Va.  22030  and  Botany  Dept., 
Univ.  of  North  Carolina,  Chapel  Hill,  N.  C.  27514 

Recent  collections  in  the  Price  Formation  of  Mississip- 
pian  age  in  southwestern  Virginia  have  yielded  a  diverse 
flora.  Included  in  the  flora  are  specimens  of  Lepidoden- 
dropsis,  Triphyllopteris ,  Rhodeopteris ,  Cardiopteridium, 
and  a  new  foliage  type  referable  to  Neuropteris.  Sporangial 
complexes  have  been  found;  one  of  them  is  shown  to  be 
attached  to  Triphyllopteris  foliage.  These  sporangial 
masses  are  reminiscent  of  types  found  in  the  Devonian. 

Seeds  have  been  found  in  association  with  Triphyllopteris 
also,  some  free  and  some  in  cupules.  There  were  apparently 
at  least  two  types  of  seed  plants  present  in  this  flora. 

The  plants  found  in  this  formation  indicates  a  fairly 
diverse  coal  swamp  flora. 
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AN  INTENSIVE  STUDY  OF  THE  SPRING  PHYTOPLANKTON  BLOOM  IN 
LYNNHAVEN  BAY,  VIRGINIA.  Donald  Lynn  Webster,  Dept,  of  Bio¬ 
logy,  Old  Dominion  Univ.,  Norfolk,  V a.  235078. 

Phytoplankton  samples  were  collected  biweekly  from  two 
stations  in  Lynnhaven  Bay,  Virginia  over  the  period  January 
24  to  June  9,  1975.  Water  temperature,  salinity,  pH,  oxy¬ 
gen,  ammonia,  urea,  reactive  nitrite,  reactive  nitrate,  re¬ 
active  phosphorous,  productivity,  transparency,  and  weather 
conditions  were  recorded  concurrently.  Data  was  manipulated 
employing  analysis  of  variance,  simple  correlation,  correla¬ 
tion  matrices,  and  forward  stepwise  multiple  regression. 
Total  phytoplankton  numbers  exhibited  a  unimodal  pattern. 

The  spring  bloom  lasted  from  April  through  May.  Phytoplank¬ 
ton  growth  was  primarily  a  function  of  nutrient  supply  and 
temperature.  Nutrient  runoff  following  heavy  spring  rains 
appeared  to  stimulate  pyrrhophycean  growth.  Changes  in  spe¬ 
cies  composition  occurred  following  these  perturbations. 
Productivity  exhibited  a  distinctive  bimodal  pattern  and  was 
primarily  a  function  of  light  and  temperature.  Crypto- 
phytes,  cyanophytes,  and  xanthophytes  were  very  important 
throughout  this  study.  Olisthodiscus  sp.  and  Rhodomonas 
amphioxeia  were  dominant  from  January  through  March.  S. 
costatum  became  dominant  in  April  and  remained  so  until 
dominance  shifted  to  an  unidentified  phytoflagellate  in  late 
May.  Both  stations  were  similar  in  species  compostion  and 
succession.  Total  phytoplankton  counts  were  generally  high¬ 
er  at  Station  II  in  the  Eastern  Branch,  reaching  3.8  x  10' 
numbers  per  liter  on  May  22. 


VEGETATION  OF  THE  CEDARS,  LEE  COUNTY,  VIRGINIA. 

E.  Spencer  Wise,  Dept,  of  Biology,  Christopher  Newport  Col., 
Newport  News,  Va.  23606  and  A.  M.  Harvill,  Jr.,  Dept,  of 
Biology,  Longwood  Col.,  Farmville,  Va.  23901 

The  Cedars  is  a  limestone  rock  outcrop,  with  little  to  no 
soil  covering,  located  west  of  Jonesville  and  covering  an 
area  of  approximately  10  square  miles.  Dominant  woody 

from  the  common  name  of  this  species.  Other  scattered  woody 
species  include  Ulmus  alata,  Rhus  aromatica,  and  Robinia 
pseudoacacia.  All  these  species  are  frequently  associated 
with  dry  or  infertile  soils. 

The  vegetation  includes  species  apparently  found  only  in 
The  Cedars  in  Virginia  (example-Agave  virginica) ;  one 
species  found  only  in  The  Cedars  in  western  Virginia  but 
occurring  as  a  rare  species  in  southeastern  Virginia  (Croton 
monothyogynus) ;  western  species  fairly  widespread  in  west¬ 
ern  Virginia  (example-Bouteloua  curtipendula) ;  and  species 
found  in  eastern  Virginia,  skipping  the  rest  of  the  state, 
then  coming  up  the  Mississippi  Valley  to  western  Virginia 
(example-Campsis  radicans) . 

Several  genera,  including  Leavenworthia,  Petalostemum, 
and  Talinium  which  are  common  in  the  cedar  glades  of  Tenn¬ 
essee  have  apparently  not  migrated  this  far. 
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HIGH  SPEED  REVERSE  PHASE  LIQUID  CHROMATOGRAPHY  OF  FREE 
FATTY  ACIDS  AND  LIPID  HYDROLYZATES .  E.  C.  Adams  and  J.  W. 
King.  Dept,  of  Chemistry,  Va.  Commonwealth  Univ.,  Richmond 
Va.  23284 

The  rapid  separation  of  the  higher  free  fatty  acids  in 
ten  minutes  time  and  without  prior  derivatization  will  be 
discussed.  The  experimental  system  consists  of  a  hydropho- 
bic-silylated  silica  bead  column,  10  micron  particle  dia¬ 
meter,  in  conjunction  with  a  ternary  eluent  composes  of 
water,  acetonitrile,  and  tetrahydrofuran.  Retention  data 
is  reported  for  over  twenty  solutes,  varying  in  chain  length, 
degree  of  unsaturation,  and  substituent  functional  groups. 
Total  separation  can  be  achieved  between  solutes  of  a  homol¬ 
ogous  series  differing  by  two  carbon  numbers.  Unsaturated 
fatty  acids  of  the  same  carbon  number  are  retained  less  due 
to  their  increased  mutual  solubility  in  the  mobile  phase. 

Distinct  profiles  characteristic  of  the  fatty  acid  com¬ 
position  of  natural  oils  will  be  presented.  These  results 
indicate  that  the  fatty  acid  profile  is  highly  characteris¬ 
tic  of  the  type  and  source  of  the  oil.  Chromatographic 
resolution  is  highly  solvent  dependent  and  the  variation  in 
the  composition  of  this  media  has  a  pronounced  effect  on  the 
separation  of  the  constituent  acids.  Excellent  quantitative 
results  have  been  obtained,  particularly  when  a  UV  detector 
is  used  in  tandem  with  a  RI  monitor.  The  conditions  employ¬ 
ed  in  this  chromatographic  assay  procedure  are  in  general 
applicable  to  many  fatty  acid  derivatives  and  can  be  used  to 
separate  linear  fatty  alcohols. 


PYROLYSIS  OF  ENOL  ESTERS.  Robert  C.  Atkins , 

Donna  S.  Amenta,  Dept,  of  Chemistry,  Madison 
College,  Harrisonburg,  VA  22801 

Several  enol  esters  have  been  prepared, 
typically  by  reaction  of  the  carbonyl  compound 
with  acetic  anhydride.  The  pyrolysis  of  these 
esters  will  be  described.  For  example,  sep¬ 
aration  and  pyrolysis  of  the  individual  isomers 
of  1-butenyl  acetate  showed  the  E  isomer  to 
undergo  facile  reaction,  while  the  Z  isomer  was 
largely  recovered  unchanged.  The  mechanistic 
implications  of  this  result  will  be  discussed  in 
relation  to  previous  enol  ester  studies. 


'  XOAc 


[7<W 


The  pyrolysis  of  an  enol  lactone,  °c -angelica- 
lactone  ,  to  yield  carbon  monoxide  and  methyl 
vinyl  ketone  will  also  be  described. 
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LEARNING  AND  COMMUNICATION  MODEL  FOR  USE  IN  SCIENCE  CLASS¬ 
ROOM.  Lubna  R.  1.1  az,  Thomas  G.  Teates*,  College  of  Educa¬ 
tion,  and  M.  A.  Ijaz*,  Department  of  Physics,  VPI&SU, 
Blacksburg,  VA.  24061 

In  a  learning  environment  communication  results  from 
complex  motivational  system  on  the  part  of  both  teacher  and 
student.  It  is,  therefore,  important  to  recognize  certain 

other  variables  associated  with  any  interpersonal  confront¬ 
ation.  Learning  may  result  from  perception  of  one's  own 
needs  and  to  relate  it  to  others  actions.  In  our  learning 
and  communication  model  we  will  discuss  ways  and  means  of 
teaching  more  science  to  all  ability  students.  We  have 
tried  to  make  study  of  science  interesting  and  fun  for 
students  and  have  tried  to  motivate  them.  Students  have 
shown  better  achievement  on  standardized  tests  in  our  way  of 
teaching  as  compared  with  conventional  lecture-recitation 
method. 


ENVIRONMENTAL  EDUCATION:  K-12.  H.  B.  Lantz,  Jr.*  Orange 
County  Public  Schools,  Orange,  Va.  22960,  and  Norlyn  Bodkin. 
Dept,  of  Biology,  Madison  Col.,  Harrisonburg,  Va.  22801 
One  of  the  richest  sources  of  direct  experience  is  the 
environment,  both  natural  and  manmade.  By  utilizing  envi¬ 
ronmental  concepts  and  by  providing  direct  experiences  with 
the  environment,  a  teacher  can  successfully  lay  a  foundation 
for  the  necessary  abstract  experiences  required  in  many  dis¬ 
ciplines  and  at  the  same  time  initiate  an  interest  in  and 
concern  for  the  environment.  This  philosophy  forms  the 
basis  for  operation  of  Project  COMSEP.  COMSEP  (Comprehen¬ 
sive  School  Environmental  Program)  is  an  ESEA  Title  III  pro¬ 
ject  that  is  multi-disciplinary  in  approach  and  which  en¬ 
riches  and  supplements  the  existing  curriculum  at  all  grade 
levels.  Utilizing  locally  developed  curricula  and  resources, 
the  program  provides  learning  experiences  in  environmental 
education  for  approximately  4,000  students  in  grades  K-12. 
Evaluation  instruments  administered  to  participating  stu¬ 
dents  revealed  significant  differences  (p<.05)  in  Environ¬ 
mental  Attitude  and  Environmental  Information  Surveys  on  a 
pre-  and  post-test  design.  Additionally,  participating 
teachers  demonstrated  significant  gains  in  environmental 
knowledge  and  positive  changes  in  both  environmental  atti¬ 
tudes  and  teaching  behavior. 


FIELD  WORK  IN  VIRGINIA'S  SECONDARY  EARTH  SCIENCE  CLASSES. 
Jack  L.  Mason,  Ertle  Thompson,  Sci.  Ed.,  Univ.  of  Va. 
Charlottesville,  VA  22903 

Virginia's  197*1-75  Earth  Science  Teachers  were  surveyed 
to  determine  the  status  of  field  work  in  earth  science. 
Analysis  was  by  the  SPSS  computer  program  using  means, 
frequencies,  t  tests  and  multiple  regression  techniques. 

There  appears  to  be  a  trend  toward  more  field  work  in 
Virginia.  In  197*1-75  over  60 %  of  the  teachers  conducted 
four  or  more  trips  with  only  17%  failing  to  conduct  field 
activities.  These  results  are  much  better  than  those  of 
studies  done  during  the  early  70 's  in  Virginia  and  other 
states . 

Teachers  would  prefer  to  at  least  double  the  time  spent 
with  field  work.  Significant  increases  in  both  the  total 
number  of  field  sessions  and  total  instructional  hours  with 
field  work  were  preferred.  Significant  increases  were  also 
preferred  for  time  devoted  to  various  field  practices. 

Other  findings  revealed  that:  (1)  only  twenty-five  of  the 
state's  teachers  could  be  classified  as  having  highly  active 
field  programs,  (2)  numerous  hindrances  to  field  work  were 
perceived  by  teachers,  (3)  teachers  felt  that  state  and 
local  educators  should  cooperate  with  other  agencies  to  can- 
pile  materials  for  suitable  field  sites,  (4)  teachers  want 
more  in-service  courses  designed  to  develop  field  techniques 
useful  in  the  school  ccmmunity,  and  (5)  the  only  strong 
predictor  of  time  a  teacher  will  spend  with  field  activities 
is  the  teacher's  interest  in  doing  personal  field  work. 


LABORATORY  SAFETY- I S  YOUR  LAB  SAFE?  SAFETY  SYMBOLS  AND  RISK 
SCALE.  Frankl in  D.  Kizer,  Supervisor  of  Science,  State  Dept, 
of  Ed.,  Richmond,  VA  23216. 

Safety  is  an  integral  part  of  science  instruction.  The 
analysis  of  the  risk  involved  in  an  activity  is  an  objective 
of  most  science  instructional  programs.  The  increasing  con¬ 
cerns  of  the  general  public  over  hazardous  environmental 
conditions  has  supported  the  need  for  safety  instruction, 
and  science  teachers  are  constantly  being  made  aware  of 
dangers  associated  with  newly  developed  materials.  Recent 
studies  revealing  hazards  associated  with  common  materials 
previously  considered  safe,  have  caused  concern  among  many 
instructors  and  administrators. 

It  is  very  difficult  for  an  instructor  or  student  to 
know  of  every  hazard  associated  wi  th  all  of  the  materials 
used  in  a  given  program.  A  laboratory  safety  check  list, 
risk  scale,  and  other  aids  should  be  helpful  to  the  teacher 
in  developing  a  safety  program. 

Safety  symbols  have  been  prepared  to  gi ve  a  comprehensive 

The  daVinci  man  is  surrounded  by  twelve  circled  safety  sym¬ 
bols.  Each  symbol  representing  one  major  area  of  safety. 


A  PRACTICAL  CLASSROOM  SEISMIC  SYSTEM  FOR  EARTH  STUDIES 
ENRICHMENT.  James  D.  Lehman,  Dept,  of  Physics,  Madison 
Col.,  Harrisonburg,  Va.  22801 

The  feasibility  of  a  classroom  type  seismic  system  is 
explored  in  an  effort  to  make  this  fascinating  topic  of 
geological  science  a  part  of  the  usual  observational  and 
investigative  techniques  of  the  scientific  classroom. 

The  overall  system  design  took  into  account  simplicity 
and  reliability,  with  economical  costs  of  construction 
and  maintenance.  A  modified  Milne  cantilever  sensor  was 
designed  with  a  pendulum  period  of  twelve  seconds.  Mag¬ 
netic  damping  is  employed  while  an  op-amplifier  magni¬ 
fies  the  output  coil  current  to  a  graphic  ink  recorder 
for  a  velocity  readout. 

A  data  base  was  established  by  six  months  of  contin¬ 
uous  recording  completed  March  31,  1976.  A  total  of  76 
detections  were  observed,  with  six  being  atomic  nuclear 
test  blasts.  Microseismic  activity  included  the  usual 
3-6  sec.  background  activity,  and  some  local  and  thermal 
noise.  The  effect  of  winter  cold  frontal  movements  into 
the  North  Atlantic  area  were  pronounced. 

The  variety  of  records  resulted  in  several  character¬ 
istic  P,S  &  L  wave  profiles.  The  influence  of  the  Earth's 
core  was  evident  in  epicentral  distances  greater  than  100 
degrees.  The  system  lends  itself  to  open-ended  analysis 
in  terms  of  directional  characteristics,  magnitude  and 
phase  determinations. 


THE  RELATIONSHIP  OF  SELECTED  VARIABLES  TO  ACHIEVEMENT  IN 
GENERAL  BIOLOGY  AT  THOMAS  NELSON  COMMUNITY  COLLEGE. 

Turner  M.  Spencer,  Dept,  of  Biology,  Thomas  Nelson  Comty. 
Col.,  Hampton,  Va.  23670 

The  relationship  of  selected  variables  to  achievement  (as 
measured  by  grade  point  average)  in  general  biology  was 

tion  and  a  stepwise  multiple  regression.  A  random  sample  o 
140  students  was  drawn  from  a  list  of  582  students  who  had 
taken  biology  during  the  academic  years  1970  through  1973. 
The  SPSS  computer  programs  were  used. 

The  following  correlation  (r)  values  resulted:  HSGPA 
(Xi),  0.3958;  CGP  biology  interest  score  (X2) ,  0.2619;  CGP 
math  score  (X3) ,  0.2906;  CGP  verbal  score  (X4) ,  0.2421; 

SCAT  quantitative  score  (X5) ,  0.1544;  CGP  motivation  score 
(X6),  0.1059;  and  SCAT  verbal  score  (X7) ,  0.2160.  All  var¬ 
iables  correlated  significantly  with  the  biology  grade 
point  average  (Y^  except  SCAT  quantitative  score  and  CGP 
motivation  score.  The  stepwise  multiple  regression  produce 
the  following  prediction  equation:  (Yjj  =  .0067  +  . 3679(X1) 
+  .0179(X2)  +  .0171 (X3j  +  ,0115(x4).  This  equation  showed 
a  multiple  R  value  of  .5078. 

It  was  concluded  that  the  best  single  predictor  of  succes 
in  general  biology  was  the  HSGPA.  CGP  biology  interest 
score,  CGP  math  score,  and  CGP  verbal  score  were  also  use¬ 
ful  in  predicting  the  biology  grade  point  average.  In  gen¬ 
eral,  ability  tests  alone  were  not  the  best  predictors  of  su 
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SYNTHESIS  OF  AN  IMPROVED  ERROR  CORRECTOR/DETECTOR 
FOR  HAMMING  MINIMUM  DISTANCE  4  CODE.  M.  R. 
Varanasi.  Dept,  of  Electrical  Engineering,  Old 
Dominion  University,  Norfolk,  Va .  23508 

This  paper  presents  an  efficient  technique  of 
coding/decoding  for  the  Hamming  minimum  distance 
4  code.  A  similar  code  has  been  previously  pro¬ 
posed  by  Hsiao  which  is  more  efficient  from  de¬ 
coding  point  of  view  than  the  Hamming  minimum 
distance  4  code,  but  loses  the  mechanization  of 
the  identification  of  error  position.  The  code 
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ULTRASONIC  ATTENUATION  IN  THIN  SPECIMENS.  D.  T.  Hayford* 
and  E.  G.  Henneke,  Dept,  of  Engineering  Science  and  Mechan¬ 
ics,  V a.  Polytechnic  Inst.,  Blacksburg,  V a.  24061. 

Traditionally,  ultrasonic  attenuation  in  thin  specimens 
has  been  difficult,  if  not  impossible,  to  measure  accurately 
by  the  pulse-echo  technique.  This  difficulty  can  be  traced 
to  many  causes;  but  the  primary  reason  is  that  the  original 
pulse  width  is  much  longer  than  the  travel  time  in  the 
specimen,  so  that  the  returning  echoes  are  lost  in  the  input 
pulse.  This  difficulty  can  be  eliminated  by  use  of  a  buffer 
block  to  delay  the  returning  echoes,  but  this  solution  has 
other  problems.  Among  these  are  improper  impedance  matching 
between  specimen  and  buffer,  bond  losses,  and  an  input  pulse 
with  a  relatively  slow  rise  time.  The  latter  reduces  the 
applicability  of  techniques  suggested  by  others  in  the  field. 
This  paper  deals  with  these  problems  and  suggests  a  new 
method  of  measuring  ultrasonic  attenuation  in  thin  specimens. 

FIBER  REINFORCED  DENTAL  COMPOSITES.  0.  C.  Hodgins*  and  F.  E. 
Wawner .  Dept,  of  Materials  Science,  Univ.  of  Virginia,  Char- 
lottesville,  VA  22901. 

Commercially  available  dental  composite  restoratives  are 
typically  composed  of  an  epoxy-methacrylate  type  resin  re¬ 
inforced  with  glass  spheres.  Glass  is  used  as  the  reinforcing 
medium  because  of  its  favorable  index  of  refraction,  rendering 
the  final  composite  esthetically  pleasing.  Conventional  com¬ 
posites  suffer  from  relatively  low  strength  but  more  import¬ 
antly  from  poor  abrasion  resistance  in  the  oral  environment 
because  of  low  surface  area  of  the  spheres  and  hence  poor 
bonding.  Because  of  this,  a  study  has  been  conducted  to  im¬ 
prove  the  mechanical  properties  of  dental  composite  restor¬ 
atives  by  using  different  shaped  reinforcements. 

In  this  study  glass  fibers  were  utilized,  either  in  the 
form  of  individual  fibers  or  as  woven  glass  cloth.  The  sanples 
were  prepared  such  that  the  fibers  were  in  random  orientation 
(individual  fibers)  and  in  preferred  orientation  (cloth) . 

Results  are  presented  for  the  diametral  tensile  strength 
and  abrasion  resistance  of  these  samples  for  comparison  with 
a  commercial  composite. 

SIMULATION  OF  THE  FUSION  REACTOR  ENVIRONMENT  WITH  AN  ION 
ACCELERATOR  AND  AN  HVEM.  J.  A.  Horton*  and  W.  A.  Jesser. 

Dept,  of  Materials  Science,  Univ.  of  Virginia,  Charlottes¬ 
ville,  VA  22901. 

The  first  wall  of  the  controlled  thermonuclear  reactor 
will  be  subjected  to  an  intense  flux  of  high  energy  neutrons 
and  charged  particles.  An  effective  simulation  of  this  en¬ 
vironment  may  be  performed  by  using  the  ion  accelerator  to 
supply  high  energy  ions  and  the  electron  beam  of  the  HVEM 
to  vary  the  damage  production  to  ion  deposition  rate.  The 
modifications  and  techniques  necessary  to  allow  the  simul¬ 
taneous  impingement  of  the  ion  and  electron  beams  on  the 
sample  are  discussed.  Results  of  initial  experiments  per¬ 
formed  on  stainless  steel  type  316,  the  presently  expected 
prototype  first  wall  material,  are  also  reported. 

We  gratefully  thank  the  Energy  Research  and  Development 
Administration  for  financial  sponsorship. 

THERMOGRAPHIC  DEFLECTION  OF  DAMAGED  REGIONS  IN  COMPOSITES. 

T.  S.  Jones*  and  E.  G.  Henneke,  Dept,  of  Engineering  Science 
and  Mechanics,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061. 

Due  to  the  nonhomogeneous  nature  and  unusual  failure  modes 
of  advanced  fiber  reinforced  composite  materials,  convention¬ 
al  non-destructive  testing  techniques  are  difficult  to  apply 
and  to  interpret  when  used  on  these  materials.  Because  of 
the  increasing  use  of  advanced  composites  and  quality  control 
problems,  effective  NDT  methods  for  composite  materials  are 
in  great  demand.  We  are,  therefore,  currently  engaged  in 
investigating  the  possible  applicability  of  new,  unusual  NDT 
methods  for  composites. 

The  approach  to  be  reported  here  has  been  to  set  up  high 
frequency  vibrations  in  a  fiber  reinforced  composite  speci¬ 
men  of  symmetric  lay-up.  When  the  resulting  elastic  waves  in 
the  specimen  encounter  a  flaw  or  a  damaged  region,  a  differ¬ 
entiation  of  scattering  characteristics  occurs.  The  effect 
of  this  scattering  is  measured  as  a  temperature  rise  at  the 
damage  site.  This  temperature  rise  is  monitored  and  recorded 
using  a  thermographic  camera. 

THE  EFFECT  OF  INITIAL  DAMAGE  IN  FATIGUE  PROPERTIES  OF 

BORON/ ALUMINUM  COMPOSITES.  M.  A.  Knott*,  Dept,  of  Engr. 

Science  and  Mechanics,  Virginia  Polytechnic  Inst,  and 

State  Univ.,  Blacksburg,  Virginia  24061 

Two  groups  of  boron/aluminum  (B/Al)  laminated  composite 
plates  are  compared  to  each  other.  One  group  contains  sur¬ 
face  and  interior  defects  caused  by  manufacturing  processes, 
while  the  other  is  relatively  damage  free. 

Various  non-destructive  techniques  (NDT)  including, 
vibration  signatures,  C-scan  and  X-ray  tests,  were  coupled 
with  fatigue  experiments  to  make  the  evaluations.  The 
utilization  of  forced  longitudinal  vibration  tests  is  a 
particularly  promising  method  for  evaluating  material 
property  changes  (i.e.  stiffness  and  damping  character¬ 
istics). 

The  specimens  were  fatigued  at  various  test  levels,  with 
vibration  signatures  and  other  material  information  taken 
after  the  completion  of  a  set  number  of  cycles.  The  data 
was  analyzed  to  establish  the  effect  of  initial  damage 
on  the  fatigue  properties  of  B/Al  composites. 

MICROSTRUCTURE  AND  MECHANICAL  PROPERTIES  OF  SCHLADITZ  POLY¬ 
CRYSTALLINE  IRON  WHISKERS.  D.  Lashmore,*  W.  A.  Jesser,  H. 
Schladitz*,  and  H.  G.  F.  Wilsdorf.  Dept,  of  Materials  Science 
Univ.  of  Virginia,  Charlottesville,  VA  22901. 

The  micros tructural  characteristics  and  some  of  the  mech¬ 
anical  properties  of  the  iron  whiskers  produced  by  the  Sch¬ 
laditz  technique  are  described.  The  microstructure  can  be 
subdivided  into  three  distinct  regions.  The  core  region  is 
called  the  primary  structure  which  acts  as  a  foundation  upon 
which  a  series  of  concentric  rings,  the  secondary  structure, 
forms.  The  secondary  structure  is  made  up  of  particles  of  a 
nominal  1000  X  diameter.  A  region  near  and  including  the 
outer  surface  constitutes  the  third  region  and  is  thought  to 
consist  of  Fe203.  Both  X-ray  and  high  voltage  electron  mi¬ 
croscopy  indicate  a  grain  size  of  from  50  to  200  8.  The  ex¬ 
tremely  high,  diameter-independent  tensile  strength  was 
measured  to  be  874,000  psi  and  is  thought  to  be  due  to  this 
small  grain  size. 

We  gratefully  appreciate  sponsorship  under  ONR  contract 
#N  00014- 75-C-0691 
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ON  THE  CARIES  PROCESS  IN  ENAMEL.  A.  F.  Marshall  and  K.  R. 
Lawless,  Dept,  of  Materials  Science,  Univ.  of  Va.,  Char¬ 
lottesville,  VA  22901. 

The  early  caries  lesion  is  a  result  of  subsurface  mineral 
dissolution  in  the  enamel  by  acids  produced  in  the  mouth. 

The  caries  process  follows  structural  elements  in  the  enamel 
particularly  the  enamel  rods  and  the  striae  of  Retzius.  The 
structural  breakdown  has  been  examined  in  the  polarizing 
light  microscope,  SEM  and  TEM.  Although  there  is  some  am¬ 
biguity  in  the  observations,  it  has  been  found  that  caries 
produces  a  gap  at  the  rod  junctions  followed  by  preferential 
loss  of  the  rod  cores.  The  hydroxyapatite  crystallites 
within  the  rod  decay  preferentially  at  their  core  along  their 
c-axis. 

In  order  to  study  the  process  with  more  control  it  is 
desirable  to  simulte  caries  in  vitro.  This  has  been  done 
with  an  acid  buffer  system  to  which  an  organic  component  is 
added.  This  results  in  a  lesion  with  an  intact  surface  and 
the  desired  structural  breakdowns. 


EFFECTS  OF  MATERIAL  NONUNIFORMITY  IN  LMFBR  ENVIRONMENTS  ON 
MECHANICAL  RESPONSE.  Gansen  Subbaraman*,  Dept,  of  Engineer¬ 
ing  Science  and  Mechanics,  Va.  Polytechnic  Inst.,  Blacksburg, 
Va.  24061 

Impurity  contents  in  stainless  steels  have  been  found  to 
vary  in  Sodium  environments  due  to  thermo-chemical  inter¬ 
actions.  Such  variations  influence  the  mechanical  properties 
and  response  to  stresses  and  internal  pressures  of  clad 
alloys  used  in  LMFBRs.  In  the  present  work,  a  generalized 
continuous  function,  f  (r),  is  introduced  to  accommodate 
radial  property  variations  of  the  clad  in  the  constitutive 
equations  of  stress  equilibrium.  The  displacement  and  the 
stress-strain  values  are  then  evaluated  for  specific  analy¬ 
tical  representations  of  f  (r)  which  result  in  closed-form 
and  analytical  solutions  to  the  differential  equations  of 
equilibrium.  An  adjustable  constant,  A,  used  in  f  (r) 
enables  strong  variations  of  the  elastic  parameters  of  the 
material  to  be  affected  representing  severe  property 
degradations  which  can  be  studied  by  varying  A  accordingly. 


THE  USE  OF  TWO  DIMENSIONAL  REINFORCEMENTS  IN  DENTAL  COMPOS¬ 
ITES.  Gery  R.  Stafford*  and  F.  E.  Wawner.  Dept,  of  Materials 
Science,  Univ.  of  Virginia,  Charlottesville,  VA  22901. 

In  order  to  improve  the  strength  and  abrasion  resistance 
of  polymeric  resins,  various  shapes  and  sizes  of  glass  par¬ 
ticles  have  been  added  to  the  resin.  The  purpose  of  the 
resin  matrix  is  to  transfer  and  distribute  an  applied  load  to 
the  stronger  glass  filler.  In  order  for  this  to  be  effective 
the  glass  should  have  the  ability  to  carry  the  load  in  at 
least  two  dimensions.  Flakes  with  length/thickness  ratios  in 
excess  of  100  can  be  considered  two  dimensional  particles. 
These  particles  when  oriented  in  a  laminar  fashion  can  carry 
the  load  quite  well.  Diametral  tensile  strength  increases  of 
140%  have  been  noted  for  composite  samples  with  laminar  ori¬ 
entation  of  the  flakes  as  compared  to  samples  with  flakes 
oriented  parallel  to  the  longitudinal  axis  of  the  sample. 

Since  flakes  have  a  high  surface  to  volume  ratio,  the 
laminar  orientation  should  also  give  high  abrasion  resistance. 
The  lack  of  abrasion  resistance  has  been  the  shortcoming  of 
most  dental  composites  currently  in  use. 

The  following  three  areas  of  study  will  be  presented: 

1)  The  development  of  an  effective  silane  coupling  agent  to 
encourage  bonding  at  the  glass/resin  interface,  2)  The  effect 
of  monomer  composition  on  its  viscosity  and  resin  strength, 

3)  The  use  of  ultrasonic  and  centrifuging  techniques  in  order 
to  get  desired  orientation  and  loading. 


SOME  RESPONSE  CHARACTERISTICS  OF  SMALL  FLAWS.  Ahmet  Taluq*, 
Dept,  of  Engineering  Science  and  Mechanics,  Va.  Polytechnic 
Inst.,  Blacksburg,  Va.  24061 

In  the  present  work,  finite  element  and  boundary  point 
collocation  techniques  are  employed  in  investigating  the 
distribution  of  stresses  in  the  immediate  vicinity  of  the 
crack  tip  for  single  edge  cracked  specimens  containing  cracks 
of  vanishingly  small  size. 

Stress  fields  obtained  by  a  plane  stress  finite  element 
model  are  compared  with  those  obtained  by  boundary  collocat¬ 
ing  the  Williams  stress  function.  It  is  shown  that  since 
the  single  parameter  approach  can  adequately  represent  the 
stresses  only  within  a  vanishingly  small  region  for  small 
cracks,  a  multi  parameter  approach  becomes  a  more  precise 
alternative  for  stress  analysis  involving  crack  initiation 
processes. 


DENTAL  AMALGAM  STABILIZATION  BY  SELECTIVE  INTERFACIAL  AMAL¬ 
GAMATION.  L.  D.  Zardiackas*.  G.  E.  Stoner*,  and  F.  K.  Smith. 
Dept,  of  Materials  Science,  Univ.  of  Virginia,  Charlottes¬ 
ville,  VA  22901. 

Dental  amalgam  is  the  most  successful  of  all  biomaterials . 
In  spite  of  this  success,  failure  of  amalgam  in  vivo  does 
occur.  This  failure  may  be  attributed  to  corrosion  of  the 
Y2(Sn7_gHg)  phase  of  dental  amalgam  by  a  process  of  dif¬ 
ferential  aeration.  The  purpose  of  this  investigation  was 
to  explore  the  feasibility  of  enhancing  the  stability  of 
dental  amalgam  restorations  by  a  process  of  "selective  in¬ 
terfacial  amalgamation".  If  dental  amalgam  restorations 
can  be  selectively  alloyed  at  the  tooth  amalgam  interface, 
to  a  minor  thickness  as  compared  to  the  dimensions  of  the 
bulk  amalgam,  so  as  to  present  a  more  electrochemically 
stable  phase  than  Y2  to  the  oral  environment,  corrosion  will 
be  reduced  and  desireable  qualities  of  existing  amalgams 


STRAIN  GAGE  READINGS  ON  COMPOSITE  MATERIALS. C.B.Zeitman*. 
W.W.Stinchcomb.Dept.  of  Engineering  Science  and  Mechanics, 
Va. Polytechnic  Inst. , Blacksburg, Va. 24061 

Composite  materials  are  increasing  in  use  in  many 
structural  applications.  Therefore  it  is  necessary  to 
have  reliable  measurements  of  mechanical  properties. 
Young's  Modulus  is  one  of  the  more  significant  of  these 
properties.  In  order  to  determine  Young's  Modulus , strain 
gage  measurements  are  frequently  necessary.  However, a 
problem  of  heat  build-up  in  gages  on  composite  materials 
has  been  detected  and  faulty  readings  have  resulted. 

The  search  for  a  solution  to  the  problem  has  centered 
on  an  investigation  of  the  heat  build-up, using  thermo¬ 
graphic  techniques  associated  with  modifications  in  cui^ 
rent  input  and  gage  characteristics. 


can  be  utilized.  , 

Experiments  were  conducted  to  determine  the  feasibility 
of  selective  interfacial  amalgamation,  to  determine  if  tin 
would  be  excluded  from  the  surface  restorations.  Results 
showed  the  process  to  be  feasible.  Results  of  both  X-ray 
diffraction  and  X-ray  energy  analysis  showed  the  absence  of 
both  Y,  and  tin  at  the  surface  and  little  or  no  penetration 
of  Sn  into  the  selectively  alloyed  layer.  Scanning  electror 
microscopy  and  optical  metallography  showed  the  continuity 
of  the  bond  between  the  y^  layer  formed  and  bulk  amalgam. 
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CYTOCHEMICAL  LOCALIZATION  OF  REDUCED  TETRANITROBLUE 
TETRAZOLIUM  (TNBT)  IN  DIFFERENTIATED  Gluoonobaoter  oxydans 
DURING  OXIDATION  OF  SORBITOL.  L.  Scott  Andrews*  and  G.  W. 
Claus.  Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg, 
Va.  24061 

Gluoonobaoter  oxydans  subsp.  suboxydans  is  characterize 
by  rapid  single-step  oxidations  carried  out  by  membrane- 
bound  dehydrogenases .  Earlier  work  demonstrated  that  maxi 
mum  stationary  phase  (MSP)  cells  contained  quantities  of 
intracytoplasmic  membranes  (ICM)  and  that  they  oxidized 
polyols  twice  as  fast  as  exponentially  growing  (Exp)  cells 
that  lacked  this  membrane  development.  This  research  was 
initiated  to  determine  (a)  if  polyol  oxidation  stimulates 
TNBT  reduction,  (b)  if  reduced  TNBT  is  deposited  with  ICM 
complexes  such  that  the  ICM  can  be  detected  with  the  light 
microscope,  and  (c)  if  the  reduced  TNBT  could  be  quantita¬ 
tively  extracted  from  cells.  Exp  cells  devoid  of  ICM  were 
harvested  from  a  chemically  complex  medium  at  0.1  ODg20>  a: 
MSP  cells  containing  ICM  were  harvested  shortly  after  reac 
ing  MSP  (1.5  OD620).  TNBT  was  reduced  by  cells  incubated 
with  sorbitol,  and  light  microscopy  revealed  deposition  in 
the  polar  regions  of  MSP  cells.  No  significant  deposition 
occurred  within  Exp  cells.  When  these  cells  were  treated 
with  alkaline  dimethylformamide  (ADMF)  at  pH  12.6,  both  ce 
and  reduced  TNBT  were  solubilized.  We  are  currently  using 
ADMF  extraction  to  quantitatively  determine  the  extent  of 
sorbitol  dehydrogenase  activity  in  cells  containing  and 
those  lacking  ICM. 


PHYSIOLOGICAL  PARAMETERS  OF  COXSACKIEVIRUS-INFECTED  OUTBRED 
MICE.  Rashid  Bhavnaqri*,  S.  R.  Webb*  and  R.  M.  Loria*. 
Dept,  of  Microbiol.,  Va.  Commonwealth  Univ.,  Richmond,  Va. 
23298. 


It  has  been  reported  by  others  that  a  prototype  strain 
of  Coxsackievirus  B4  (CB4)  induces  diabetes  in  mice  of  the 
outbred  strain,  CD-I.  The  disease  was  characterized  by 
transient  hyperglycemia,  glucose  intolerance  and  beta  cell 
degeneration.  The  reproducibility  of  these  observations 
has  recently  been  questioned.  The  present  study  was  ini¬ 
tiated  in  order  to  verify  the  role  of  acute  CB4  infection 
in  the  outbred  mouse  and  extend  it  to  21  weeks  after  infec- 
ti  on . 

6-8  week  old  males  of  the  CD-I  strain  were  given  single 
intraperitoneal  inoculations  with  the  Edward's  isolate  of 
CB4.  Control  animals  were  inoculated  with  virus-free  dilu- 
tent.  CB4  replicated  to  a  high  titer  in  the  pancreas,  ap¬ 
proximately  109  PFU/gm  in  HeLa  cells. 

Weight,  fasting  glucose,  nonfasting  glucose  and  glucose 
tolerance  tests  were  normal  at  1,2,3,4,6,10,12,16  and  21 
weeks  after  infection.  In  addition  glycosuria,  ketonuna, 
polyuria,  and  excessive  albuminuria  were  never  detected. 
pH  of  the  urine  remained  normal.  Insulin  insufficiency 
was  never  apparent. 

These  studies  indicate  that  CB4  (Edward's  isolate)  does 
not  produce  either  transient  or  persistant  diabetes-like 
disease  in  the  CD-I  mouse.  However,  this  virus  can  produce 
a  diabetes-like  disease  in  mice  which  are  heterozygous  for 
the  diabetes  gene,  db.  We  conclude  that  some  degree  of 
genetic  susceptibility  is  a  prerequisite  for  the  develop¬ 
ment  of  diabetes-like  disease  following  CB4  infection. 


ISOLATION  AND  IDENTIFICATION  OF  Gluoonobaoter  FROM  NATURAL 
MATERIALS.  G.  W.  Claus  and  C.  A.  Baker*.  Dept,  of  Biology, 
Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 
Recently  we  have  found  a  need  for  a  simple,  effective 
method  for  selecting  Gluoonobaoter  from  habitat  material. 
Although  there  are  many  media  described  for  use  in  selection 
of  these  bacteria,  there  are  no  previous  reports  that  test 
their  reliability  and  accuracy  using  nationally  recognized 
species.  Using  species  of  Gluoonobaoter  and  Aoetobaater 
obtained  from  ATCC,  we  tested  a  combination  of  five  differ¬ 
ent  media  for  the  ability  to  detect  biochemical  differences 
between  these  closely  related  bacteria.  The  cultures  were 
first  tested  for  the  ability  to  grow  on  a  media  containing 
10%  Glucose  at  a  pH  4.5.  Then  each  was  tested  for  acid  pro¬ 
duction  from  both  glucose  and  ethanol,  dihydroxyacetone 
production  from  glycerol,  and  growth  on  calcium  lactate.  The 
results  show  that  these  media  can  clearly  distinguish  Glu¬ 
oonobaoter  from  Aoetobaater .  Based  on  this  information,  we 
have  used  these  media  to  select  for  and  identify  Gluoono¬ 
baoter  in  ten  different  samples  of  habitat  material.  The 
material  was  first  blended,  and  streaked  on  media  containing 
10%  Glucose  at  pH  4.5  to  select  for  acetic  acid  bacteria. 
From  these  plates  234  colonies  were  tested  on  each  of  the 
differential  media.  Twenty-six  separate  strains  of  Gluoono¬ 
baoter  have  been  isolated  from  these  colonies.  The  time 
required  to  isolate  and  identify  Gluoonobaoter  from  the 
habitat  material  is  approximately  seven  days . 


MICROSPECTROPHOTOMETRIC  DETERMINATIONS  OF  NUCLEAR  DNA  CON¬ 
TENT  IN  BINUCLEATE  NEURONS.  C.  D.  Cone,  Jr.  and  Max  Tongier 
Jr.  Cell  and  Molec.  Bio.  Lab.,  VA.  Ctr.,  Hampton,  VA  2366?' 

DNA  synthesis  and  mitosis  have  been  induced  in  vitro  in 
fully  differentiated  neurons  of  the  central  nervous  system 
by  depolarization  with  ouabain.  Since  cytokinesis  was  not 
usually  completed,  the  mitoses  resulted  in  formation  of  bi- 
nucleate  neurons.  Relative  amounts  of  DNA  in  nuclei  of 
control  (Gi)  neurons  and  in  daughter  nuclei  resulting  from 
mitoses  were  determined  by  Feulgen  microspectrophotometry  of 
individual  nuclei.  The  nuclear  DNA  content  of  Gi  fibro¬ 
blasts  in  the  cultures  was  similarly  determined  by  using  an 
excess-thymidine  blocking  procedure  for  accumulating  G-j_ 
cells  to  establish  the  basic  diploid  DNA  level.  Neuron  cul¬ 
tures  were  Feulgen-stained  by  the  procedure  of  DeCosse  and 
Aiello,  and  the  relative  absorbancy  of  each  nucleus  was  de¬ 
termined  at  550- nm  wave  length  by  using  a  Zeiss  fluorescence 
microscope  integrated  with  a  model  240  Gilford  monochrometer 
and  digital  photometer.  Measurements  of  the  DNA  content  of 
each  of  the  daughter  nuclei  in  62  binucleate  neurons  result¬ 
ing  from  ouabain-induced  divisions  revealed  that  each  of  the 
124  daughters  contained  identical  amounts  of  DNA.  The  DNA 
content  of  each  daughter  nucleus  from  induced  divisions  was 
found  to  be  identical  also  to  that  of  the  mononucleate 
neurons  in  controlled  cultures.  Since  each  of  the  101  con¬ 
trolled  neurons  assayed  contained  the  same  amount  of 
nuclear  DNA  as  the  Gj^  (diploid)  fibroblasts  in  cultures, 
control  and  test  neurons  were  diploid  cells  prior  to  treat- 
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ACID-INDUCED  PLASMOLYSIS  AND  ITS  AFFECT  ON  VIABILITY  OF 
Gluconobacter  oxydans.  D.  L.  Heefner*  and  G.  W.  Claus.  Va. 
Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 
Gluconobacter  oxydans  ( Aaetobaoter  oxydans ,  ATCC  621) 
oxidizes  large  quantities  of  glucose  to  gluconic  acid  dur¬ 
ing  growth.  We  recently  observed  that  the  subsequent  drop 
in  culture  pH  was  accompanied  by  plasmolysis  and  other 
changes  in  cell  structure.  The  observed  plasmolysis  was 
surprising,  because  previous  attempts  to  plasmolyze  these 
cells  with  concentrations  of  up  to  70%  sucrose  were  unsuc¬ 
cessful.  To  determine  the  affect  of  pH  on  plasmolysis, 
cells  were  washed  in  d^O,  suspended  in  buffered  saline, 
then  incubated  with  shaking  at  28C.  Uniform  plasmolysis 
and  a  complete  loss  of  viability  occurred  after  60  min  at 
pH  3.0,  after  120  min  at  pH  3.2,  and  after  180  min  at  pH 

3.4.  The  addition  of  1.5  M  sucrose  or  20%  Ficoll  to  the  pH 

3.2  buffered  saline  drastically  inhibited  plasmolysis  and 
cell  death.  Washing  cells  in  0.9%  MgCl2  instead  of  dH20 
prior  to  incubation  at  pH  3.2  also  inhibited  plasmolysis 
and  death,  but  washing  in  0.9%  NaCl  did  not  show  this  pro¬ 
tection.  These  results  suggest  that  plasmolysis  is  directly 
related  to  cell  viability.  Preliminary  studies  show  that 
acid-induced  plasmolysis  is  a  property  that  is  not  limited 
to  the  genus  Gluconobaeter . 

THE  EFFECTS  OF  ANAEROBIC  NITRATE  RESPIRATION  ON  THE  MULTIPLE 
PATHWAYS  OF  GLUCOSE  UTILIZATION  IN  PSEUDOMONAS  AERUGINOSA. 

J.  C.  Hunt  and  P.  V.  Phibbs,  Jr.,  Virginia  Commonwealth 

Univ.,  Richmond,  Va.  23298 

Pseudomonas  aeruqinosa  PAO  was  impaired  in  its  ability 
to  utilize  glucose  via  initial  oxidation  to  gluconate 
(the  direct  oxidative  pathway)  when  cells  were  grown  under 
conditions  of  anaerobic  NO3  respiration.  The  rate  of 
anaerobic  gluconate  uptake,  in  the  presence  of  NO3,  was 

3  to  4- fold  lower  in  anaerobic  glucose-grown  cells  than 
in  anaerobic  gluconate-grown  cells.  In  contrast,  high  rates 
of  aerobic  gluconate  uptake  were  demonstrated  in  cells  cul¬ 
tured  aerobically  on  either  glucose  or  gluconate.  Induci¬ 
ble,  membrane-bound  glucose  dehydrogenase  (GDH)  activity 
was  very  low  in  membrane  preparations  from  anaerobically 
grown  cells,  but  was  high  in  membranes  from  aerobically 
grown  cells.  Gluconokinase  was  induced  to  high  specific 
activities  in  cells  cultured  aerobically  or  anaerobically 
on  gluconate  and  in  aerobic  glucose-grown  cells.  In  con¬ 
trast,  anaerobic  glucose-grown  cells  formed  minimal,  non- 
induced  levels  of  gluconokinase  activity.  The  rate  of 
incorporation  of  l5C-g1ucose  into  acid-insoluble  material 
by  aerobic  glucose-grown  cells  was  reduced  2-fold  in  the 
presence  of  equimolar  unlabelled  gluconate;  little  or  no 
inhibition  by  gluconate  was  observed  with  anaerobic  glu¬ 
cose-grown  cells.  The  oxidative  pathway  for  glucose  cata¬ 
bolism  (via  gluconate)  is  functional  in  aerobically  grown 
cells  but  it  may  not  function  significantly  in  cells  grown 
under  conditions  of  anaerobic  NO3  respiration.  The  direct 
phosphorylative  pathway  (via  glucose-6-P)  appears  to  be 
the  major  route  for  anaerobic  glucolysis. 

IMMUNOLOGIC  TOLERANCE  TO  HUMAN  GAMMA  GLOBULIN  IN 

MICE:  INDUCTION  IN  NORMAL  MICE  WITH  A  CELL 

SOLUBLE  EXTRACT  FROM  TOLERANT  ANIMALS.  Tom  B. 

Jones*  and  Alan  M.  Kaplan*,  Medical  College  of 
Virginia,  Richmond,  Virginia,  23298. 

Spleen  cells  from  A/J  mice  tolerant  to  HGG 
actively  induced  tolerance  to  HGG  in  normal  A/J 
recipients.  The  inoculation  of  104  to  108  spleen 
cells  from  tolerant  donors  suppressed  the  antibody 
response  of  normal  A/J  mice  99%  to  an  immunogenic 
challenge  with  heat  aggregated  HGG  (AHGG ) .  Simi¬ 
larly,  a  24,000  xg  supernatant  from  10“  sonicated 
spleen  cells  from  tolerant  mice  suppressed  the 
response  of  normal  A/J  mice  99%  to  a  challenge 
with  AHGG.  Dilution  of  the  supernatant  to  the 
equivalent  of  104  cells  was  equally  suppressive. 

The  suppression  induced  by  both  spleen  cells  and 
cell  extract  was  found  to  be  specific  as  evidenced 
by  a  normal  response  to  a  challenge  with  goat  ery¬ 
throcytes  ( GRBC ) .  Thymus  cells  or  a  sonicated 
supernatant  of  thymus  cells  from  tolerant  donors 
induced  suppression  of  the  antibody  response  to 

HGG.  However,  some  nonspecific  suppression  of  the 
antibody  response  to  GRBC  was  associated  with  both 
the  thymus  cells  and  the  thymic  factor.  Studies 
are  currently  underway  to  characterize  further 
the  functional  and  biochemical  nature  of  this 
factor.  Supported  in  part  by  NIH  grant  #AI  11561. 

EFFECTS  OF  PRIOR  IMMUNIZATION  ON  ORAL  HERPETIC  LESIONS  AND 

THEIR  SEQUELAE  IN  A  MOUSE  MODEL  SYSTEM.  E.N.  Kitces*,  J.G. 

Tew,  L.M.  Abbey*,  W.J. Payne  Jr.*,  J.T.  Povlishock*,  and  B.K. 
Murray.  Department  of  Microbiology,  Medical  College  of 

Virginia,  Richmond,  Virginia  23219 

The  object  of  this  study  was  to  develop  a  mouse  model 
system  for  studying  the  effects  of  prior  immunization  on 
encephalitis  and  latency  following  oral  infection  with 
herpes  simplex  virus,  type  I(HSV-I).  Three  to  five  days 
after  administration  of  HSV  to  abraded  oral  epithelial  sur¬ 
faces,  90-100%  of  5-10  week  old  male  BALB/c  mice  developed 

1-3  mm  confluent  oral  vesiculo-ulcerative  lesions  from 
which  HSV  was  isolated.  Histological  and  electron  microsco¬ 
pic  evidence  Of  herpetic  infection  was  demonstrated.  Oral 
lesions  resolved  within  two  weeks,  however,  15-30%  of  the 
mice  died  of  herpetic  encephalitis  between  the  7th  and  15th 
day.  After  clinical  recovery  from  oral  infection,  infectious 
virus  could  not  be  isolated  either  from  the  original  lesion 
site  or  from  the  regional  sensory  (trigeminal)  ganglia. 

However,  75-100%  of  the  mice  were  latently  infected  as  demo¬ 
nstrated  by  recovery  of  infectious  virus  from  explanted 
ipsilateral,  but  not  contralateral  ganglia.  Mice  immunized 
prior  to  oral  infection  with  formal in- inactivated  HSV  or 
gluteraldehyde-polymerized  HSV  developed  less  severe  initial 
oral  lesions.  In  addition,  these  immunized  mice  were  uni¬ 
formly  protected  from  both  encephalitis  and  latent  infection. 
This  model  system  is  well  suited  for  the  study  of  pathogen¬ 
esis  and  neurological  sequelae  of  oral  herpetic  infections. 

DIFFERENTIATION  OF  HERPES  HOMINIS,  TYPES  1  AND  2,  IN  3-WEEK 

OLD  MICE.  M.  P.  McCann*  and  M.  R.  Escobar.  Med.  Col.  of 

Va.,  Va.  Commonwealth  University,  Richmond,  Va.  23298 

The  known  biological  differences,  including  oncogenicity, 
between  types  1  and  2  of  Herpes  hominis  as  well  as  epidemio¬ 
logic  and  immunotherapeutic  considerations  led  us  to  evaluate 
several  typing  methods  on  the  basis  of  simplicity,  specifici¬ 
ty  and  reproducibility.  Typing  of  several  human  isolates  by 
plaque  formation  in  chick  embryo  fibroblasts  (CEF)  and/or  by 
pock  size  in  the  chorioallantoic  membrane  of  embryonated  eggs 
(CAM)  was  compared  with  that  obtained  by  direct  immunofluo¬ 
rescence  (DFA)  using  commercial  guinea  pig  conjugated  absorb¬ 
ed  antisera.  Results  obtained  by  these  procedures  were  con¬ 
firmed  in  a  reference  laboratory  by  DFA  using  non-commercial 
rabbit  conjugated  absorbed  antisera.  An  attempt  was  made  to 
reproduce  a  simpler  method  reported  independently  by  two 
groups  of  investigators  which  was  based  on  the  formation  by 
type  2  of  grossly  visible  necrotic  foci  in  the  liver  of  3-wk 
old  mice  (MLF) .  There  was  good  correlation  between  the  ana¬ 
tomic  source  of  the  isolate,  CEF  and/or  CAM  and  the  DFA  re¬ 
sults  from  the  reference  laboratory.  We  were  unable,  however, 
to  reproduce  the  MLF  procedure  since  foci  were  detected  only 
in  one  case  with  a  type  2  isolate.  Only  4  of  7  isolates  typed 
by  the  DFA  method  using  commercial  antisera  agreed  with  re¬ 
sults  from  the  other  procedures.  Certain  variables  such  as 
the  age  and  strain  of  mice,  passage  history  of  the  virus  and 
age  of  the  culture  as  well  as  infective  dose  of  virus  are 
being  investigated  to  further  evaluate  these  techniques. 

AN  ENHANCED  HOST  RESISTANCE  IN  MURINE  SALMONELLOSIS  INDUCED 

BY  TUBERCULIN  SENSITIVITY.  K.  B.  Miller  and  H.  S.  Hsu. 

Dept,  of  Microbiology,  Med.  Col.  of  Va.,  Richmond,  VA  23298 
Previous  study  in  experimental  salmonellosis  suggested 
that  delayed  hypersensitivity  to  salmonella  antigens  might 
aid  the  acquired  resistance  of  the  host  to  subsequent  in¬ 
fections.  The  present  objective  is  to  test  whether  delayed 
hypersensitivity  elicited  by  purified  protein  derivatives 
(PPD)  in  tuberculin-sensitive  mice  can  enhance  host  resis¬ 
tance  to  challenges  with  Salmonella  typhimurium.  Swiss- 
Webster  mice  were  vaccinated  i.p.  with  Mycobacterium  bovis 

BCG  and,  4  to  10  weeks  later,  challenged  i.p.  with  101*  S. 
typhimurium  with  or  without  PPD.  Normal  mice  were  also 
challenged  with  or  without  PPD.  Survival  time  of  the  in¬ 
fected  animals  was  recorded  for  3  weeks.  Results  showed 
that:  101*  salmonellae  with  PPD  caused  a  fatal  infection  in 
normal  mice  within  12  days;  BCG-vaccination  prolonged  the 
survival  time  and  protected  about  30%  of  the  mice  from 
death;  and  tuberculin  sensitivity  elicited  by  PPD  signifi¬ 
cantly  prolonged  the  survival  time  and  protected  about  70% 
of  the  mice  from  death.  When  the  challenge  dose  was 
increased  to  106  salmonellae,  the  protective  effect  of 
tuberculin  sensitivity  was  no  longer  apparent.  The 
accelerated  influx  of  monocytes  and  polymorphs  induced  by 
delayed  hypersensitivity  is  believed  to  be  an  essential 
factor  of  enhanced  resistance  to  infection  as  observed  in 
this  study. 
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CHARACTERIZATION,  PURIFICATION  AND  REGULATION  OF  7-a-HYDROXY- 
STEROID  DEHYDROGENASE  FROM  BACTEROIDES  FRAGILIS .  J.  A. 

Sherrod  and  P.B.  Hylemon*.  Dept,  of  Microbiology,  Med.  Col. 
of  Va.,  Richmond,  V a.  23289 

Two  forms  of  7-a-hydroxysteroid  dehydrogenase  (7-aOHS  DH) 
have  been  detected  in  selected  strains  of  Bacteroides 
f raqi 1 i s .  These  two  forms  are  different  with  respect  to  pyri¬ 
dine  nucleotide  specificity,  thermal  stability,  divalent  metal 
cation  requirement,  and  elution  profiles  from  Sephadex  G-200 
columns.  The  nicotinamide  adenine  dinucleotide  (NAD)-depen- 
dent  enzyme  was  purified  18-fold  by  gel  filtration  on  a  Bio- 
Gel  A-1.5M  column,  and  had  a  molecular  weight  of  approxi¬ 
mately  300,000  daltons.  Substrate  saturation  kinetics  were 
examined  and  the  results  showed  that  the  NAD-dependent  enzyme 
has  a  higher  affinity  for  chenodeoxycholate  (Km,  0.048  mM) 
than  for  cholate  (Km,  0.22  mM)  or  glycocholate  (Km,  0.32  mM) . 
High  levels  of  7-a0HS  DH  activity  were  found  to  be  associated 
with  the  membrane  fraction  of  B.  fragilis. 

There  was  a  4-fold  increase  in  the  specific  activity  of 
both  the  NAD-  and  NADP-dependent  enzymes  when  0.5  mM  sodium 
cholate  was  included  in  a  defined  glucose  growth  medium  over 
the  same  medium  containing  no  bile  acid.  Both  forms  of  the 
enzyme  were  found  to  be  widely  distributed  in  different 
strains  of  Bacteroides  fraqilis. 

AMELIORATION  OF  THE  LETHAL  ACTION  OF  BACTERIAL  LIP0P0LY- 
SACCHARIDE  FOR  THE  MOUSE.  M.  Smith*  and  S.  G.  Bradley. 

Dept,  of  Microbiology,  Virginia  Commonwealth  University, 
Richmond,  Va.  23298 

A  survey  was  conducted  to  detect  substances  that  would 
alter  the  lethal  action  for  the  mouse  of  gram-negative 
bacterial  lipopolysaccharide  (LPS).  The  test  materials 
selected  were  related  to  cyclic  adenosine  monophosphate  (c- 
AMP)  or  were  salts  of  divalent  cations.  The  majority  of 
the  substances  tested  did  not  enhance  or  decrease  the  toxi¬ 
city  of  LPS  for  ICR  mice  at  the  doses  used  and  when  admin¬ 
istered  simultaneously  with  LPS  by  the  intraperitoneal 
route;  these  inactive  substances  include  adenine, adenosine, 
adenosine  monophosphate,  cAMP,  dibutyryl  cAMP,  glucagon, 

CaC03,  CoCl2,  MgC03,  MnCl2  and  ZnClp.  Substances  that 
enhanced  the  lethality  of  LPS  for  ICR  mice  included 
ethyleneglycol-bis-(B-amino-ethyl  ether)  N,N ' -  tetraacetic 
acid  and  insulin.  Substances  that  decreased  the  lethality 
of  LPS  for  ICR  mice  included  caffeine,  theophylline,  FeS04 
and  ferric  ammonium  sulfate.  FeS04  was  most  effective  in 
reducing  the  toxicity  of  LPS  when  mixed  with  LPS  before 
injection.  The  iron-containing  proteins  catalase,  cyto¬ 
chrome  C  and  ferritin  and  the  iron-chelating  agent  dipy- 
ridyl  did  not  alter  the  toxicity  of  LPS.  Tne^  C3H/HeJ- 
mouse  is  relatively  resistant  to  bacterial  lipopolysaccha¬ 
ride.  Transfer  of  spleen  cells  from  LPS-sensitive  ICR  mice 
to  C3H/HeJ  mice  did  not  render  the  chimeras  sensitive 
to  LPS  nor  did  transfer  of  CgH/HeJ  spleen  cells  render  ICR 
mice  resistant  to  LPS. 

EXTRACHR0M0S0MAL  ELEMENTS  OF  BACTEROIDES  FRAGILIS.  W.  H. 
Tinnell  and  F.  L.  Macrina*.  Dept,  of  Microbiol . ,  Virginia 
Commonwealth  University,  Richmond,  VA  23298 

Johnson  (  Int.  J.  Syst.  Bact.  23,  308.  1973)  has  iden¬ 

tified  ten  DNA  homology  groups  orThe  intestinal  anaerobe 
Bacteroides  fraqilis  from  nucleic  acid  association  studies. 
Using  these  groups  as  a  taxonomic  framework,  we  have 
screened  representative  strains  of  B_.  fraqilis  for  the 
presence  of  extrachromosomal  (plasmid)  DNA.  rH-thymidine 
labeled  cell  lysates  were  subjected  to  sodium  dodecyl 
sulfate-salt  precipitation  and  supernatants  from  such 
preparations  were  analyzed  using  cesium  chloride-ethidium 
bromide  equilibrium  centrifugation.  One  strain  from  each 
group  was  examined  in  this  fashion.  Six  of  the  strains 
were  judged  to  contain  no  detectable  plasmid  DNA  by  this 
method.  However,  four  strains  were  observed  to  yield  sat¬ 
ellite  bands  corresponding  to  covalently  closed  circular 
plasmid  DNA.  Plasmid  DNA  from  such  gradients  was  subjected 
to  velocity  sedimentation  through  5  to  20%  neutral  sucrose 
gradients  and  data  from  such  studies  were  used  to  calcu¬ 
late  molecular  weights  of  the  plasmid  molecules.  B. 
fraqilis  VPI  2553  and  B.  fraqilis  VPI  2393  (both  subspecies 
fraqilis)  were  found  to  contain  plasmids  of  22  X  106  and 

3  X  10b  daltons,  respectively.  B.  fraqilis  VPI  5482  and 

B.  fraqilis  VPI  2302  (both  subspecies  thetaiotaomicron) 
were  found  to  contain  plasmids  of  31  X  1 0fa  and  3.4  X  106 
daltons,  respectively.  In  both  cases,  the  large  plasmids 
were  present  in  only  a  few  copies  per  chromosomal  equi¬ 
valent  while  the  small  plasmids  existed  in  multicopy  pools 
( >1 0  copies  per  chromosomal  equivalent).  Phenotypic  proper¬ 
ties  conferred  by  any  of  these  plasmids  remain  unidentified. 

ULTRASTRUCTURE  OF  MYXOID  CHONDROSARCOMA  WITH  MYXOVIRUS-LIKE 
TUBULES  POSSIBLY  ETIOLOGICALLY  RELATED  TO  THE  DISEASE.  S. 

H.  Vemick*,  S.  Kay*.  J.  Morrison*  and  D.  Cowan*.  Department 
of  Pathology,  Eastern  Virginia  Medical  School,  Norfolk,  Va. 

23501  and  Medical  College  of  Virginia,  Richmond,  Va.  23298 

Myxoid  chondrosarcoma  is  a  rather  rare  soft  tissue  tumor 
sometimes  mistakenly  diagnosed  as  a  chordoid  sarcoma.  In 
the  present  study  ultrastructural  analysis  confirmed  the 
diagnosis  as  myxoid  chondrosarcoma. 

Characteristics  of  the  tumor  cells  included  bizarre  pleo¬ 
morphic  nuclei,  large  numbers  of  mitochondria  and  dilated 
rough  ER  containing  parallel  arrays  of  tubules.  These  tu¬ 
bules  which  measured  approximately  200  A°  in  diameter  pre¬ 
sented  a  helical  periodicity  characteristic  of  myxovirus-like 
bodies.  While  myxovirus-like  bodies  have  been  seen  in  other 
tumors  including  Burkitt's  lymphoma,  and  osteogenic  sarcoma, 
this  is  the  first  reported  occurence  in  myxoid  chondrosar¬ 
coma.  Relationship  of  the  bodies  to  the  etiology  of  the 
disease  is  as  yet  unconfirmed. 

CYCLIC  AMP  PHOSPHODIESTERASE  ACTIVITY  IN  CELLS  TRANSFORMED 

BY  MOUSE  SARCCMA  VIRUS.  J.  G.  Wallace,  Jr.*,  and  K.  D. 

Sauers*.  Dept,  of  Microbiology,  Eastern  Va.  Med.  Sch. , 

Norfolk,  Va.  23501 

Cyclic  AMP  phosphodiesterase  activity  was  measured  in 
normal  rat  kidney  (NRK)  cells,  and  NRK  cells  transformed 
by  wild  type  mouse  sarcoma  virus  (MSV)  or  a  tfemperature- 
sensitive  mutant  of  MSV.  Specific  enzyme  activity  was 
calculated  at  substrate  concentrations  of  1  pM  (low  Rn 
enzyme  activity)  and  100  pM  (high  Rn  enzyme  activity) 
under  conditions  where  enzyme  activity  was  linear  with 
respect  to  incubation  time  and  protein  concentration. 

Both  high  and  low  Km  enzyme  activities  were  markedly 
reduced  in  extracts  of  MSV-transformed  NRK  cells  relative 
to  uninfected  NRK  cells.  Reduced  levels  of  cAMP  phos¬ 
phodiesterase  activity  were  also  detected  in  extracts  of 

NRK  cells  transformed  by  temperature-sens itive  MSV  (NRK 
(MSV-lb) }  when  grown  at temperatures  permissive  or  restric¬ 
tive  for  expression  of  the  transformed  phenotype.  The 
results  indicate  that  changes  in  cAMP  phosphodiesterase 
activity  are  not  associated  with  previously  reported 
altered  endogenous  levels  of  cAMP  detected  in  NRK (MSV-lb) 
when  grown  at  permissive  or  restrictive  temperature 
(Nature  257:58-60,  1975). 

NEUTROPHIL  CHEMOTAXIS  IN  MALNOURISHED  GUINEA  PIGS.  B.  A. 

Weeks  and  H.  D.  Whitten.  Department  of  Biological  Sciences, 

Old  Dominion  University,  Norfolk,  Va.  23508 

Immunological  defects  in  malnourished  animals  vary  but 
generally  include  impaired  cell-mediated  immunity.  Our 
earlier  studies  revealed  that  neonatal  malnutrition  in 
guinea  pigs  resulted  in  a  significant  decrease  in  the  abil¬ 
ity  to  display  contact  sensitivity  to  DNCB.  These  findings 
led  us  to  investigate  the  ability  of  polymorphonuclear  neutro¬ 
phils  (PMNs)  from  malnourished  animals  to  migrate  in  vitro 
toward  a  chemotactic  stimulus.  Newborn  inbred  strain-2 
guinea  pigs  were  removed  from  their  mothers  5  days  after 
birth  and  placed  on  a  restricted  diet  for  a  10  day  period. 

Ad  libitum  feeding  was  then  resumed  and  continued  until  day 

40.  A  normally  nourished  control  group  was  also  maintained. 

PMNs  were  collected  by  cardiac  puncture  at  5  day  intervals 
and  assayed  for  chemotactic  activity  by  the  modified  Boyden 
method,  using  C5a  as  a  stimulus.  The  findings  demonstrate 
that  chemotaxis  in  the  malnourished  group  was  reduced 
throughout  the  40  day  experiment.  This  suggests  that  defec¬ 
tive  neutrophilic  chemotactic  function  may  result  from  in¬ 
sufficient  dietary  intake  during  the  first  few  weeks  of  life. 
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OXYGEN  AND  CARBOHYDRATE  UTILIZATION  AND  PH  CHANGE  DURING 

AXENIC  GROWTH  OF  NAEGLERIA  FOWLERI .  R.  R.  Weik*  and  D.  T. 

John.  Dept,  of  Microbiol.,  Virginia  Commonwealth  Univ., 
Richmond,  V A  23298 

Efforts  to  obtain  information  regarding  the  physiology 
of  pathoqenic  Naeqleria  have  been  hampered  by  bacterized 
cultivation  and  by  low  yield  from  unagitated  cultures. 

N.  fowleri  (LEE,  WM,  NF69)  was  grown  at  37  C  in  125  Erlen- 
myer  flasks  containing  0.1%  liver  digest,  0.1%  glucose  and 

2%  calf  serum  in  Page's  amoeba  saline,  pH  6.5.  The  maxi¬ 
mum  yield  of  N_.  fowleri  was  4  X  106  amoebae/ml  with  a  mean 
generation  time  of  6.1  h.  Population  growth  deacceleration 
was  accompanied  by  a  1  unit  increase  in  pH.  Oxygen  tension 
decreased  from  100%  to  85%  of  saturation  during  log  phase 
and  then  increased  during  stationary  phase  to  saturation. 
Worthington  glucostat  assay  and  anthrone  carbohydrate  assay 
on  culture  medium  showed  little  utilization  of  carbohydrate 
during  growth.  Growth  tested  in  the  presence  of  glucose, 
fructose,  mannose,  galactose  and  no  sugar  using  dialyzed 
serum  showed  no  significant  change.  Mean  cell  size  ranged 
from  850  u3  during  log  phase  to  250  y3  during  stationary 
phase.  Oxygen  depletion  of  the  medium,  pH  increase  and 
carbohydrate  results  indicate  aerobic  metabolism  with 
anionic  compounds  (e.g.,  amino  acids)  serving  as  carbon 
and  energy  sources. 

TUMOR  CELL  CYTOTOXICITY  MEDIATED  BY  SYNGENEIC  MACROPHAGES, 

H.D.  Whitten,  M.A.  Attanasio*,  and  M.R.  Escobar.  Old 

Dominion  University,  Eastern  Va.  Medical  School,  Norfolk, 
and  Virginia  Commonwealth  University,  Richmond,  Va. 

An  in  vitro  assessment  of  macrophage  mediated  specific 
tumor  cell  cytotoxicity  has  shown  macrophages  to  be  under 
the  control  of  those  lymphocytes  under  thymic  control  (T 
cells).  Thus,  murine  T  cell-sensitization  to  allogeneic 
fibrosarcoma  is  a  result  of  T-T  cell  synergy  that  results 
in  the  release  of  Fc  receptors  that  become  fixed  to  macro¬ 
phage  membranes.  This  synergy  is  observed  in  drug  manipu¬ 
lated  sensitized  T  cells,  and  is  evidenced  by  macrophage 
activity  in  two  assays  known  to  be  dependent  on  Fc  receptors 
—namely,  rosette  formation  and  ADCMC.  This  has  been  ex¬ 
tended  to  a  syngeneic  polyoma- virus  induced  system.  When 
cortsone  resistant  Balb/c  thymocytes  were  sensitized  to 

Py3T3  cells  in  vitro,  5  day  old  supernatants  could  confer 
on  macrophages  specific  cytotoxity  in  a  ^Cr  assay  and 
rosette  formation  with  regressor  serum-coated  tumor  cells. 

Low  levels  in  both  assays  were  observed  to  Balb/c  embryo- 
fibroblasts.  These  results  indicate  the  potential  augment- 
ability  of  macrophage  specific  anti-neoplastic  activity  to 
syngeneic  as  well  as  allogeneic  tumors. 

MACROPHAGE  ACTIVITY  AGAINST  HERPES  SIMPLEX  VIRUS,  TYPE  2, 

IN  VIVO  AND  IN  VITRO.  L.  Wright*  and  P.  Morahan.  Dept, 
of  Microbiology,  MCV/VCU,  Richmond,  V a.  23298 

The  synthetic  immunomodulator  pyran  copolymer  and  the 
killed  vaccine  of  Corynebacteri um  parvum,  a  biologic  immu- 
nomodulator,  enhanced  resistance  to  Herpes  simplex  virus, 
type  2,  (HSV-2)  infection  in  mice.  Pyran,  C^.  parvum  and 
glycogen  were  administered  intraperitoneally  (IP)  to 

BALB/c  mice  to  define  the  role  of  immunomodulators  with 
respect  to  antiviral  activity  of  macrophages  against  HSV- 
2.  Peritoneal  exudate  cells  (PEC)  from  pretreated  and 
control  mice  were  expl anted  at  concentrations  of  2  x  106, 

1  x  106  and  5  x  10s  cell /ml  on  mouse  embryo  fibroblast 
cell  cultures  infected  with  HSV-2.  In  contrast  to  glyco¬ 
gen,  pyran  and  £.  parvum  stimulated  PEC  and  decreased 

HSV-2  growth  by  one  logig.  When  phagocytic  cells  were  re¬ 
moved  from  pyran  and  C_.  parvum  treated  PEC  populations, 
the  antiviral  activity  of  PEC  was  lost. 

In  vivo  studies  were  conducted  with  mice  treated  IP 
with  40  mg  silica  two  hrs  prior  to  intravenous  (IV),  intra- 
vaginal  (IVag)  and  IP  challenges  with  HSV-2.  Silica  treat¬ 
ment  enhanced  the  mortality  of  mice  inoculated  IV  or  IP, 
but  had  no  effect  on  mortality  of  mice  inoculated  IVag 
with  HSV-2.  Phagocytic  PEC  appear  to  be  involved  in  anti¬ 
viral  activity  against  HSV-2  and  possibly  in  antiviral 
activity  of  pyran  and  £.  parvum  immunomodulators.  (Sup¬ 
ported  in  part  by  VCU  Faculty  Grants  in  Aid). 

DEFECTIVE  HERPES  SIMPLEX  VIRUS  :  BIOLOGICAL  STUDIES, 

Susan  S,  Zenda*,  Byron  K.  Murray,  Dept,  of  Microbio- 
logy,  Medical  College  of  Virginia,  Richmond,  Va.  23219 

Defective  interfering  (DI)  particles  of  herpes 
simplex  virus,  type  I,  strain  Patton,  were  generated 
by  serial  undiluted  passage  in  human  epidermoid  car¬ 
cinoma  cells  (HEp-2) .  The  presence  of  DI  particles 
was  monitored  by  a  reduction  in  the  titer  of  infec¬ 
tious  nondefective  (standard)  virus  and  the  appearance 
of  a  new  viral  DNA  having  a  higher  density  (1.732g/cm2) 
in  CsCl .  The  ability  of  DI  particles  to  interfere 
with  the  yield  of  infectious  standard  virus  in  cell 
culture  was  shown  to  involve  an  early  event  in  infec¬ 
tion.  The  modulation  of  the  course  of  infection  by 

DI  particles  was  examined  using  a  mouse  model. 
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THE  EFFECTS  OF  UNPLEASANT  DISTRACTION  UPON  PER¬ 
SUASION,  J.S.  Mottlev*.  Dept,  of  Psychology, 
Madison  Col.,  Harrisonburg,  Va.  22801 

Thirty-one  students  from  two  basic  studies 
communication  courses  were  exposed  to  a  counter- 
attitudinal  persuasive  speech,  advocating  the 
abolishment  of  birth  control  methods  and  abortion^ 
Along  with  the  speech  presentation,  the  students 
viewed  a  slide  presentation  of  either  a  counter¬ 
feit  college  professor  delivering  a  speech  or 
scenes  of  war  atrocities.  Both  the  speaker  and 
the  speech  were  evaluated  and  an  independent  J; 
test  was  used  to  analyze  the  data.  The  results 
indicated  no  significant  difference  for  either 
the  speech  evaluation  or  the  speaker  evaluation. 

These  results  demonstrated  that  unpleasant 
distractions  inhibit  persuasion.  Under  unpleasant 
distraction  conditions,  the  attention  of  the  lis¬ 
tener  is  drawn  away  from  the  unpleasant  stimuli 
and  toward  the  speech  content.  In  essence,  the 
unpleasant  stimulus  loses  its  distracting  impact 
and  serves  as  an  attention  device  for  the  speech 
itself.  The  opportunity  for  counterargumentation 
by  the  listener  is  enhanced.  Unpleasant  distrac¬ 
tions  do  not  reduce  the  opportunities  for  coun¬ 
terarguments.  Therefore,  the  facilitating  impact 
of  distraction  is  thrawted  and  persuasion  is 
inhibited , 


THE  EFFECTS  OF  EXPOSURE  TO  HYPNOSIS  AND  VOLUNTEER  STATUS  ON 
ATTITUDES  TOWARD  HYPNOSIS.  D.  J.  Ozer*.  Dept,  of  Psychology 
Col.  of  William  &  Mary,  Williamsburg,  Va.  23185 
Students  who  volunteered  for  a  hypnosis  experiment  were 
assigned  to  one  of  two  treatment  groups:  one  group  received 
a  hypnotic  induction  procedure,  the  other  read  a  verbatim 
account  of  the  induction  regimen.  Two  no  treatment  control 
groups  were  composed  of  subjects  who  either  did,  or  did  not 
indicate  a  willingness  to  participate  in  a  hypnosis  experi¬ 
ment.  Attitudes  toward  hypnosis  were  assessed  by  the  auth¬ 
or's  questionnaire  subsequent  to  any  treatment,  and  hypnotic 
susceptibility  was  assessed  in  subjects  receiving  the  induc¬ 
tion.  Results  indicate  that  volunteer  subjects  have  more 
favorable  attitudes  toward  hypnosis  than  non-volunteers,  and 
that  exposure  to  hypnosis  generally  enhances  this  difference 
for  most  groups.  Attitudes  of  less  susceptible  subjects  in 
the  induction  group  were  an  exception  to  this  trend.  Impli¬ 
cations  for  the  use  of  attitudes  toward  hypnosis  as  predic¬ 
tors  of  hypnotic  susceptibility  are  discussed. 


ciSiiCTL  OF  PSECttiCEPTia;  PARENTAL  JZ.-aLo  00  OFF  -OTGO  Li 
FAIL,  r-.u~.eld.  L.  Parent. Dept,  of  Psychology,  Col.  of  Wm. 
and  Mary,  Williamsburg ,Va.  23]85 

Relationships  between  pre-conception  parental  stress  and 
litter  sex  ratio, weights, implantation  rates,  and  litter 
size  were  explored.  Stress  consisted  if  confinement  in  wire 
cocoons  prohibiting  movement  for  4  hours  daily  for  5  consec¬ 
utive  days.  Piloerection,distress  vocalization,  excessive 
defecation  and  urination  resulted  from  the  stress  procedure. 
Following  the  stress  sequence,  each  male  (stressed  or  non- 
stressed)  was  bred  to  2  females  (1  stressed, 1  non-stressed) . 
Females  were  killed  on  gestational  day  20,  the  pups  counted, 
weighed, sexed, and  the  number  of  corpora  lutea  and  implant¬ 
ation  sites  recorded.  The  main  effects  of  the  stress  appear 
to  be  an  increased  resorption  rate  when  only  the  female  is 
stressed  and  reduced  litter  size  when  both  parents  are 
stressed. 


PRELIBATIONS  AND  PREFERRED  FUTURES  OF  HUMAN  PSY¬ 
CHOLOGY  IN  INSTRUCTIONAL  MODELING.  W.  E.  Roweton. 
*  Dept,  of  Psychology,  Madison  Col.,  Harrison¬ 
burg,  Va.  22801 

Interest  In  Instructional  modeling  grows,  and 
educational  researchers  pose  Increasingly  rigor¬ 
ous  empirical  questions  about  classroom  learning. 
But  what  has  been  principally  lacking  are  concep¬ 
tual  tools-  to  compare  one  Instructional  position 
against  Its  rivals.  In  classic  sciences,  theory 
serves  this  function,  but,  amidst  Instructional 
Ideas  and  classroom  concerns,  there  Is  sparingly 
little  theoretical  fabric. 

The  present  paper  posits  eight  target  concerns 
and  perhaps  serves  as  a  first-generation  frame¬ 
work  for  comparing  models.  Several  question  an 
Instructional  model's  image  of  man  and  include 
discussions  of;  man's  multivariate  natures  Indi¬ 
vidual  differences;  holism;  and  blending  usual 
questions  of  learning  with  developmental  percepts. 
Remaining  Issues  investigate  the  socio-political 
climate  of  American  schooling;  the  desirability 
for  Instructional  research  to  be  decisive;  empiri¬ 
cally  linking  teacher  training  to  subsequent  per¬ 
formance;  and  the  advisability  of  having  Instruc¬ 
tional  theory  develop  a  distinct  identity  sepa¬ 
rate  from  learning  theory. 


DECISION  AND  REACTION  LATENCIES  IN  A  SOCIAL  CONFORMITY 
PARADIGM.  Catherine  Wood*.  William  Beatty*,  Steven 
McConnell*,  and  E.  Scott  Geller.  Dept,  of  Psychology, 

VPI  &  SU,  Blacksburg,  VA  24061. 

The  influence  of  another  person's  decisions  on  subject's 
decision  making  and  information  processing  behaviors  were 
studied.  Choice  strategies  were  reflected  by  the  subject's 
stimulus  predictions  and  by  the  latency  between  a  stimulus 

and  the  subject's  prediction.  The  influence  of  Another 

stimulus  was  reflected  by  the  latency  between  stimulus 
presentation  and  stimulus  identification,  i.e.,  choice 
reaction  time.  Decision  latency  and  choice  reaction  time 
were  studied  as  functions  of  the  subject's  decision 
competence  (i.e.,  the  number  of  correct  stimulus  predic¬ 
tions  as  controlled  by  the  experimenter). 
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AN  EXPERIMENTAL  INVESTIGATION  OF  UPPER  SURFACE  BLOWING. 

G.  D.  Catalano,  J.  B.  Morton,  and  R.  R.  Humphris. 
Engineering  Science  &  Systems,  Univ.  of  Va. ,  Charlottes¬ 
ville,  Va.  22901. 

An  experimental  investigation  of  the  effects  of  a  flap 
on  the  flow  development  of  an  axisymmetric  jet  exhausting 

bly  used  for  this  investigation  corresponds  to  an  upper 
surface  blowing  design  presently  being  proposed  as  a  possi¬ 
ble  V/STOL  configuration  by  NASA  -  Langley.  Of  primary 
concern  was  the  comparison  between  the  flow  fields  of  a 
freely  expanding  coaxial  jet  and  the  same  jet  but  with  the 
flap  in  place.  Quantities  measured  in  pursuit  of  this 
comparative  investigation  included  mean  velocities  for  all 
three  dimensions,  turbulent  intensities,  autocorrelations, 
power  spectral  densities  and  intermittencies .  The  investi¬ 
gation  was  confined  to  the  near  field  of  the  turbulent  jet 
in  both  instances  (i.e.  less  than  eight  diameters  down¬ 
stream  from  the  exit  plane).  A  laser-Doppler  velocimeter, 
using  a  phase  locked-loop  processor,  was  used  to  make  the 
desired  velocity  field  measurements.  To  determine  the 
intermittency  profiles,  a  laser  light  scattering  technique 
was  employed.  (Work  supported  by  NASA  Grant  No.  NGR  47- 
005-219  and  by  NSF  Grant  No.  ENGR  75-22488.) 


IMPROVED  PYROELECTRIC  DETECTORS  FOR  REMOTE  SENSING. 

R.  K.  Crouch,*  Lanqiey  Research  Center,  Hampton,  Virqinia 
23665 

NASA  has  an  increasing  interest  in  remote  sensing  of 
atmospheric  constituents  and  thermal  mapping  of  the  Earth's 
surface  from  satellites  or  from  aircraft.  Experiments 
designed  to  make  these  measurements  are  currently  plagued 
with  infrared  detector  problems.  Most  infrared  detectors 
operating  in  the  3-20  micrometer  wavelength  region  have 
inadequate  sensitivity  or  require  complex  and  expensive 
cooling  equipment.  One  promising  approach  to  the  solution 
of  these  problems  is  the  pyroelectric  detector.  These 
detectors  require  no  cooling  which  results  in  a  savings 
in  weight,  size,  and  money.  If  these  devices  can  be 
operated  near  their  theoretical  maximum  sensitivity, 
they  will  satisfy  numerous  NASA  detector  requirements. 

NASA  -  Langley  Research  Center  is  initiating  a  program 
to  improve  pyroelectric  materials  and  detector  fabrication 
techniques  in  an  effort  to  increase  the  sensitivity  of 
these  devices  up  to  the  theoretical  maximum. 


definition  of  direct  solar  irradiance  conditions  for 

EXPERIMENTS  ON  THE  LONG  DURATION  EXPOSURE  FACILITY 
SATELLITE.  Joseph  W.  Drewry?  Aero-Space  Technologist,  NASA, 
Langley  Research  Center,  Hampton,  VA  23665 

The  Long  Duration  Exposure  Facility  ( LDEF)  is  a  NASA 
satellite  designed  to  provide  an  easy  and  economical  means 
for  conducing  experiments  in  the  space  environment  utiliz¬ 
ing  the  space  shuttle  for  orbit  placement  and  retrieval. 

LDEF  is  a  reusable,  unmanned,  free-flying  structure  on 
which  many  different  experiments  can  be  mounted  for  exposure 
to  the  space  environment  for  a  nominal  orbital  mission 
duration  of  6  months.  A  predictable,  but  non-unique  direct 
solar  irradiance  history  for  each  of  14  basic  payload 
surfaces  results  from  the  passive  3-axis  stabilization  of 
the  LDEF  in  the  orbit  plane.  The  actual  solar  radiation 
environment  is  dependent  on  the  orbit  parameters,  launch 
time  of  year,  and  launch  time  of  day.  A  technique  will  be 
described  that  has  been  developed  to  define  the  direct 
solar  input  to  each  surface  in  terms  of  the  orbit  geometry 
and  variation  in  initial  conditions.  Typical  normalized 
irradiance  and  extreme  solar  conditions  expected  on  each 
surface  as  a  function  of  time  are  presented. 

Direct  solar  dosage  per  orbit  is  determined  from  inte¬ 
grating  the  irradiance  time  histories  and  is  presented  in 
terms  of  upper  and  lower  bounds  as  a  function  of  time  of 
year.  Application  of  the  results  to  experiment  selection 
and  thermal  control  will  also  be  presented. 


DIFFUSION  OF  SMOKE  IN  AN  ISOTROPIC  TURBULENT  FLOW. 

M.  Gad-el-Hak* ,  and  J.  B.  Morton.  Dept,  of  Engineering 
Science  &  Systems,  Univ.  of  Va.,  Charlottesville,  Va.  22901. 

Dispersion  and  detailed  properties  of  the  downstream 
evolution  of  smoke  released  in  an  isotropic  turbulent  flow 
field  are  reported.  Effects  of  turbulence  on  the  mass 
transfer  characteristics  of  the  flow  which  in  turn  affect 
such  things  as  the  spread  of  pollution  and  the  rate  of 
chemical  reactions  are  studied.  Smoke  is  released  a  short 
distance  downstream  of  a  uniform  grid  placed  perpendicular 
to  a  uniform  stream  of  air  in  a  wind  tunnel.  A  laser  Dop¬ 
pler  velocimeter  is  used  to  make  the  desired  velocity  field 
measurements,  and  a  laser  light-scattering  technique  pro¬ 
vides  the  "instantaneous"  mass  fraction,  c,  of  smoke  at 
the  same  point  in  the  flow  field.  One  point  statistical 
properties  of  the  velocity  and  concentration  fields  are 
obtained,  including  mean  values,  rms  fluctuations,  auto¬ 
correlation,  spectrum,  probability  distribution,  and  inter¬ 
mittency.  The  one  point  crosscorrelation  uc  iS  also  re¬ 
ported.  (Supported  by  NSF  grant  ENG  75-22488.) 
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THE  RESPONSE  OF  A  TWO-DIMENSIONAL  ZONALLY  AVERAGED  GENERAL 
CIRCULATION  MODEL  OF  THE  ATMOSPHERE  TO  DATA  INSERTION  WITH 
IMPLICATIONS  FOR  ENVIRONMENTAL  REMOTE  SENSING  PROBLEMS. 

K.  V.  Haqqard*  and  R.  E.  Turner*.  Space  Applications  and 
Technology  Division,  NASA-Langley  Research  Center,  Hampton, 

VA  23665. 

Natural  and  manmade  components  of  the  Earth's  atmosphere 
cause  alteration  to  our  environment.  A  zonal ly  averaged 
circulation  model  has  been  developed  which  can  aid  in  the 
formulation  of  optimum  remote  sensing  strategies. 

The  climate  as  predicted  by  the  model  using  an  assumed 
distribution  of  the  diabatic  heating  is  compared  with  the 
Earth's  climate.  The  model  predicted  climate,  including  an 
assumed  source-sink  distribution  for  a  trace  species,  is 
used  to  generate  data  typically  measured  by  satellites.  The 
resulting  data  set  is  inserted  infrequently  in  space  and 
time  into  a  model  experiment  where  the  diabatic  heating  and 
species  source  and  sink  terms  are  assumed  unknown.  The 
diabatic  heating  and  the  species  sources  and  sinks  are 
recovered  by  the  experiment.  These  experiments  imply  the 
sensitivity  of  the  model  to  insertion  of  infrequently 
sampled  satellite  data  and  the  validity  of  various  sampling 
strategies  for  satellite  missions. 

CRYOGENIC  WIND  TUNNELS— A  NEW  TECHNOLOGY  WITH  UNIQUE  CAPABI¬ 
LITIES.  R.  M.  Hall,  Aeronautical  Res.  Scientist,  NASA 

Langley  Res.  Ctr.,  Hampton,  Va  23665 

During  1971  the  Langley  Research  Center  began  to  develop 
the  cryogenic  wind  tunnel  concept  as  a  practical  means  for 
improving  ground  simulation  of  transonic  flight  conditions. 

Since  that  time,  the  Langley  1/3-meter  transonic  cryogenic 
tunnel  has  become  operational  and  design  of  a  cryogenic 

National  Transonic  Facility  has  been  undertaken.  A  review 
of  the  very  unique  capabilities  of  cryogenic  wind  tunnels  is 
now  appropriate.  Emphasis  will  be  given  to  the  flexibility 
of  this  new  generation  of  wind  tunnels  becoming  available  to 
the  scientific  community.  In  particular,  the  advantages  of 
having  independent  control  of  tunnel  Mach  number,  total  pres¬ 
sure,  and  total  temperature  will  be  highlighted.  It  will  be 
shown  that  the  separate  control  over  the  three  tunnel  para¬ 
meters  will  open  new  frontiers  in  Mach  number,  Reynolds 
number,  and  aeroelastic  studies.  A  brief  status  report  on 
current  research  programs  in  the  1/3-meter  tunnel  will  also 
be  presented. 

A  CRITICAL  ASSESSMENT  OF  THE  SIMULATION  TECHNIQUES  IN 
CRASHWORTHINESS  OF  AUTOMOBILES  AND  AIRPLANES.  M.  P.  Kamat*, 
Dept,  of  Engineering  Science  and  Mechanics,  V a.  Polytechnic 
Inst,  and  State  Univ.,  Blacksburg,  VA  24061. 

Crashworthiness  engineering  is  concerned  with  the 
optimal  design  of  transportation  vehicles  that  will  max¬ 
imize  occupant  survivability  with  minimal  injury  in  poten¬ 
tially  survivable  crashes. 

There  are  basically  four  approaches  with  which  predic¬ 
tion  of  passenger  trauma  and  evolution  of  improved  design 
concepts  are  being  currently  explored.  These  are:  (i)  Full 
scale  testing  (ii)  Hybrid  simulation  (iii)  Scaled  model 
testing  and  (iv)  Mathematical  simulation. 

The  author  seeks  to  critically  asses  the  potentialities 
of  the  mathematical  and  hybrid  simulators  in  existence  to 
date  and  those  that  are  in  the  evolutionary  stages  of  devel¬ 
opment.  A  vehicle  crash  is  a  dynamic  phenomenon  involving  a 
complex  interaction  between  structural  and  inertia  behavior. 

A  rigorous  numerical  analysis  of  such  a  complex  phenomenon  ' 
even  if  it  could  be  made  cost-effective  with  full  scale 
testing  may  leave  a  lot  to  be  desired  with  regard  to  the 
fidelity  of  simulation.  Hybrid  simulations  and  likewise  the 
techniques  of  Scaled  model  testing  appear  to  hold  a  lot  of 
promise  as  a  result  of  some  good,  though  limited  correlation 
with  full  scale  testing. 

MARC,  DYCAST,  ACTION,  WHAM  II  and  KRASH  are  among  some 
of  the  simulators  examined  for  their  capabilities  for  pre¬ 
diction  of  the  post  impact  response. (Aided  by  NASA  grant  NGR 
47-004-114  ). 

RECENT  DEVELOPMENTS  OF  THE  STEADY,  UNSTEADY  VORTEX-LATTICE 
TECHNIQUE  INCLUDING  LEADING  EDGE  and  TIP  VORTICES.  O.  A. 
KANDIL,  D.  T.  Mook,  A.  H.  Nayfeh*  and  E.  H.  Atta*.  Engr. 

Sci.  &  Mechanics  Dept.,  Va.  Polytechnic  Inst,  and  State 

Univ.,  Blacksburg,  Va.  24060 

A  review  of  the  recent  developments  of  the  vortex- lattice 
technique  is  presented.  The  method  is  applied  to  wings  at 
high  angles  of  attack  in  both  steady  and  unsteady  flows. 

For  highly  swept  wings,  leading-edge  separation  is  taken  in¬ 
tip  separation  is  taken  into  account.  An  iterative  techni¬ 
que  is  used  to  make  the  wake  force  free  and  to  satisfy  the 
no-penetration  boundary  condition  simultaneously.  In  all 
cases,  the  wakes  are  obtained  as  part  of  the  solution.  In 
the  unsteady  flows,  vortex  shedding  and  convection  using  the 
local  velocities  are  considered. 

The  effects  of  compressibility  and  thickness  are  also  in¬ 
cluded.  Finally,  the  technique  is  extended  to  solve  the 
problem  of  interacting  lifting  surfaces.  The  method  is  not 
restricted  by  the  shape  of  planform,  the  aspect  ratio,  or 
the  angle  of  attack  (as  long  as  vortex  bursting  or  boundary- 
layer  separation  on  the  wing  aurface  do  not  occur) .  For  the 
unsteady  flows,  the  method  can  be  used  to  handle  general  un¬ 
steady  flows.  Thus,  it  is  possible  to  treat  rigid-body 
motions,  wing  deformations,  gust  effects  and  periodic  mo¬ 
tions.  The  numerical  results  and  the  experimental  data  are 
in  good  agreement.  (Aided  by  NASA  Grant  NGR-004-090) 

TOTAL  ENERGY  MANAGEMENT  SYSTEM  FOR  A  SINGLE  FAMILY  RESIDENCE. 
C.E. Kirby*,  R.C. Basford*,  NASA  Langley  Res.  Ctr. ,  Hampton, 

Va.  23665,  H.R.Cuppett*.  Forrest  Coile  and  Associates,  New¬ 
port  News,  Va.  23606,  W.H. Grover*,  Charles  W.  Moore  and 
Associates,  Essex,  Conn.  06426 

Probably  the  most  significant  force  for  change  in  the  re¬ 
sidential  building  industry  over  the  next  few  decades  will 
be  energy  management.  Homes  consume  approximately  20  per¬ 
cent  of  the  energy  used  in  the  United  States  each  year. 

Numerous  studies  have  been  prepared  on  energy  management, 
and  virtually  all  have  recommended  substantial  changes  in 
residential  energy  use  patterns. 

NASA's  Langley  Res.  Ctr.  is  constructing  a  single-family 
detached  residence  to  demonstrate  the  application  of  aero¬ 
space  technology  and  to  minimize  the  requirements  for  energy 
and  utility  services  without  significant  changes  in  lifestyle 
The  project  will  emphasize  technology  which  is  expected  to  be 
comnercially  available  in  about  five  years.  Parametric 
studies  were  made  using  a  digital  computer  model  of  the  house 

A  life  cycle  cost  analysis  approach  was  used  in  the  selec¬ 
tion  and  integration  of  energy/water  systems  in  the  house 
(model).  The  purpose  of  this  paper  is  to  present  results  of 
the  design  studies  and  economic  analyses  and  indicate  a 
combination  of  systems  which  may  be  widespread  use  five 
years  from  now.  These  systems  would  in  an  overall  lower 
total  owning  and  operating  cost  for  the  homeowner. 

VISUALIZATION  OF  LOW  REYNOLDS  NUMBER  FLOWS.  C.  A.  Koromilas 
and  D.  P.  Telionis.  Dept,  of  Engr.  Science  and  Mech..,  Va. 
Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061 

Low  Reynolds  number  flows  are  free  of  boundary  layer  or 
wake  turbulence.  As  a  result  phenomena  like  separation  and 
separated  bubbles  are  stable  and  can  be  easily  studied.  Low 
Reynolds  number  flows  were  achieved  experimentally  with  a 

70%  mixture  of  glycerin  and  water.  Various  visualization 
methods  were  tested.  Our  work  indicated  that  the  best  meth¬ 
od  of  visualization  for  such  flows  is  the  observation  of 
surface  pellets.  An  open  channel  was  designed  and  con¬ 
structed  and  tests  were  performed  with  a  flat  plate  and  a 
cylinder  in  order  to  check  the  reliability  of  the  method. 

This  was  accomplished  by  comparison  with  previous  experimen¬ 
tal  and  theoretical  data.  The  method  was  then  used  to  study 
the  response  of  laminar  boundary  layers  over  moving  walls. 

In  particular  it  was  attempted  to  capture  the  saddle  point 
configurations  of  separation  as  predicted  by  Moore,  Rott  and 
Sears.1  The  present  results  are  in  full  agreement  with  the 
early  conjectures  on  the  topic  as  well  as  the  theoretical 
predictions  of  Telionis  and  Werle2  and  Tsahalis.1  Some  pre¬ 
liminary  data  on  oscillating  cylinders  are  also  available. 
References:  1.  Sears,  W.  R.  and  Telionis,  D.  P.,  SIAM  J.  of 
Appl.  Math.,  28,  215-235  (1975).  2.  Telionis,  D.  P.  and 

Werle,  M.  J.,  J.  Appl.  Mech.,  40,  369-374  (1973). 

3.  Tsahalis,  D.  Th.,  to  be  presented  at  the  AIAA  9th  Fluid 
and  Plasma  Dynamics  Conference. 
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DECENTRALIZED  AIRCRAFT  CONTROL.  Peter  S.  Lee  and  Dr.  Hugh 

F.  VanLandingham,  Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg,  VA  2h060. 

The  decentralized  control  system  is  characterized  by  the 
multiplicity  of  subsystems.  Information  must  cross  the 
boundaries  between  the  subsystems.  The  aircraft  control 
system  structure  which  determines  the  interfaces  and  infor¬ 
mation  distributions  between  the  various  subsystems  is 
called  an  information  pattern.  Let  P  be  a  set  of  infor¬ 
mation  patterns:  P=  (PI.  ..Pi...  Pm). 

There  is  a  cost  C(Pi)  associated  with  implementing 
each  pattern;  the  cost  function  for  the  decentralized 
control  system  should  be 

J  =  J°(Pi)  +  C(Pi) 

where  J°(Pi)  is  the  optimal  cost  for  fixed  information 
pattern  Pi.  The  trade-off  between  the  implementation  cost 
and  the  performance  of  the  control  system  is  emphasized. 

DRAG  REDUCTION  IN  SMALL  AIRCRAFT.  F.  H.  Lutze,  Dept,  of 
Aerospace  and  Ocean  Engineering,  VPI&SU,  Blacksburg,  Va. 

24061 . 

The  recent  fuel  shortage  and  the  escalation  of  fuel  costs 
have  prompted  the  investigation  of  methods  to  reduce  drag 
in  the  general  aviation  aircraft.  Modern  technology  has 
also  provided  the  possibility  of  introducing  sophisticated 
control  systems  which  can  be  incorporated  into  the  early  de¬ 
sign  of  aircraft  allowing  a  designer  the  possibility  of 
matching  vehicle  aerodynamics  with  vehicle  control.  Un¬ 
fortunately  techniques  for  generating  such  a  match  are  not 
available.  The  purpose  of  this  paper  is  to  investigate  some 
techniques  which  may  be  used  in  conjunction  with  a  control 
system  to  reduce  the  drag  of  a  small  aircraft. 

The  effect  of  c.g.  location,  downwash,  zero  lift  pitching 
moment  and  neutral  point  on  the  lift  and  drag  distribution 
between  wing  and  tail  are  discussed  with  particular  atten¬ 
tion  given  to  the  location  of  the  c.  g.  for  minimum  drag 
operation.  It  is  shown  that  the  location  is  sensitive  to 
certain  parameters  such  as  the  downwash  at  the  tail.  Some 
methods  of  designing  for  drag  reduction  are  proposed. 

INTERACTION  BETWEEN  SURFACE  AND  ATMOSPHERE  OF  MARS. 

D.  B,.  Pierce,*  M.  Gad-el-Hak,*  A.  Howard,*  and  J.  B.  Morton. 
Dept,  of  Engineering  Science  &  Systems,  Univ.  of  Va. , 
Charlottesville,  Va.  22901. 

Photographs  taken  from  the  Mariner  9  spacecraft  of  the 
surface  of  Mars  revealed  the  presence  of  eolian  landforms 
closely  resembling  the  desert  dunes  found  on  Earth.  In 
order  to  study  the  characteristics  of  atmospheric  winds  and 
surface  features  of  Mars,  it  was  found  that  more  information 
was  needed  concerning  the  effects  of  the  Earth's  desert 
boundary  layer  winds  on  sand  dune  formations.  The  barchan 
dune  was  selected  as  an  interesting  landform  for  study 
because  it  occurs  as  an  isolated  phenomenon  and  as  the  re¬ 
sult  of  unidirectional  winds  easy  to  simulate  in  the  labora¬ 
tory;  it  also  possesses  the  intriguing  property  of  self- 
preservation  of  shape  and  size  over  time.  A  wind  tunnel 
study  is  performed,  wherein  the  Earth's  boundary  layer  is 
simulated  and  scale  models  of  barchan  dunes  are  inserted. 
Measurements  of  velocity  profiles  around  the  models  yield 
information  about  the  flow  pattern  above  the  dune  and  the 
shear  stresses  on  it,  leading  to  information  of  the  sedi¬ 
ment  budget  for  the  barchan.  (Supported  by  NASA  grant 

NGR  47-005-172.) 

SUMMARY  OF  1975  OAST  SPACE  TECHNOLOGY  WORKSHOP  RESULTS.  C.I. 
Tynan,  Jr.*  NASA  Langley  Research  Center,  Hampton,  VA  23665 

The  Workshop  was  sponsored  by  NASA's  Office  of  Aeronautics 
and  Space  Technology  (OAST)  to  aid  in  developing  future  OAST 
space  technology  programs  to  meet  the  needs  of  the  scientific 
and  applications  "users"  of  OAST-developed  technology.  About 

140  NASA  personnel  involved  in  planning,  managing,  and  conduc¬ 
ting  space  technology  research  programs  participated  in  this 
intensive  two-week  effort  at  Madison  College,  Harrisonburg, 

VA,  in  August  1975.  Basic  research  and  multidiscipline  tech¬ 
nology  experiments  that  can  best  be  accomplished  in  space 
were  identified  and  documented  (published  by  Old  Dominion 
University  under  NASA  grant)  in  the  disciplines  of  Data  Pro¬ 
cessing  and  Transfer;  Sensing  and  Data  Acquisition;  Naviga¬ 
tion,  Guidance  and  Control;  Power;  Propulsion;  Structures  and 
Dynamics;  Materials;  Thermal  Control;  Entry;  Basic  Research; 
and  Life  Support.  Workshop  results  are  presented  in  the  form 
of  major  thrusts  required  in  these  technology  disciplines  to 
meet  critical  technology  needs.  The  presentation  highlights 
how  the  achievement  of  critical  technology  advances  in  dis¬ 
ciplines  such  as  sensors,  instruments,  structures,  and 
materials  can  individually  and  collectively  benefit  investi¬ 
gative  activities  of  the  scientific  community.  A  brief  over¬ 
view  of  Space  Transportation  System  capabilities  and  Workshop 
organization  is  included. 

USE  OF  WEATHER  DATA  TO  PREDICT  MOISTURE  CONTENT  IN  RESIN 

MATRIX  COMPOSITES.  J.  Unnam*  and  D.  R.  Tenney*,  Materials 
Division,  NASA  Langley  Research  Center,  Hampton,  Va.  23665. 

The  moisture  absorption/desorption  behavior  of  resin 
matrix  composites  can  be  mathematically  described  by  class¬ 
ical  diffusion  theory  using  an  effective  diffusion  coeffi¬ 
cient.  The  appropriate  diffusion  equations  have  been  solved 
by  a  finite-difference  technique  allowing  for  time  depen¬ 
dent  changes  in  the  humidity  and  temperature  of  the  envir¬ 
onment.  Simulations  have  been  made  for  conditions  of 
periodically  increasing  or  decreasing  humidity  at  constant 
temperature.  Good  agreement  was  found  between  calculated 
moisture  content  and  literature  reported  data  for  T300/5208 
epoxy  composite.  A  weather  bureau  tape  with  hourly  infor¬ 
mation  for  Langley  Air  Force  Base  was  used  to  calculate 
the  amount  of  moisture  a  T300/5208  composite  panel  would 
contain  if  exposed  outdoors  at  Langley.  Simulations  were 
made  for  different  thickness  specimens  using  weather  infor¬ 
mation  averaged  on  an  (1)  hourly,  (2)  monthly,  and  (3) 
yearly  basis.  Calculations  were  also  made  to  predict  the 
time-dependent  moisture  content  of  a  T300/5208  composite 
panel  exposed  to  a  "real-life"  service  environment  for  a 
commercial  aircraft. 

EARTH  RADIATION  MEASUREMENTS  FROM  ARTIFICIAL  SATELLITES. 

William  L.  Weaver*,  Aero-Space  Technologist,  NASA  Langley 
Research  Center,  Hampton,  Virginia  23665 

Solar  radiation  is  the  energy  source  which  drives 
the  Earth's  complex  atmosphere-ocean  system,  and  variations 
in  the  rates  at  which  this  energy  is  reflected,  absorbed, 
and  re-emitted  by  the  Earth  produce  our  climate  changes. 

One  of  the  World's  leading  climatologists  has  suggested  that 
relatively  small  net  gains  or  losses  of  solar  energy  by  the 
Earth  could  result  in  significant  alteration  of  the  Earth's 
climate.  It  is  essential,  then,  that  we  study  the  time  and 
spatial  variations  of  the  Earth-Sun  energy  exchange  and  the 
processes  which  produce  these  variations. 

Artificial  Earth  satellites  are  excellent  platforms  for 
monitoring  the  Earth-Sun  energy  exchange.  Some  techniques 
for  making  the  required  measurements  are  discussed,  and 
some  basic  measurements  made  from  two  different  satellites 
are  presented.  A  method  of  inferring  flux  densities  at  the 
top  of  the  atmosphere  from  the  measurements  is  discussed, 
and  some  resulting  flux  densities  are  presented  for  one  of 
the  satellites.  Some  comparisons  are  made  of  flux  densities 
obtained  with  two  different  instruments  on  the  satellite, 
and  the  application  of  the  results  to  other  analysis 
techniques  under  development  is  discussed. 
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A  PROCEDURE  FOR  OPTIMAL  AUGMENTATION  OF  MINIMAL  DESIGNS. 
Wilkie  W.  Chaffin*  and  Klaus  H.  Hinkelmann.  Dept,  of  Quan¬ 
titative  Sciences  In  Business  &  Economics,  Old  Dominion 
Univ.,  Norfolk,  Va.  23508  and  Dept,  of  Statistics,  Va.  Poly¬ 
technic  Inst.  &  State  Univ.,  Blacksburg,  Va .  24061 

If  the  cost  (In  terms  of  time  or  money)  of  gathering  data 
is  very  high,  then  a  minimal  multidimensional  design  (MMD) 
may  be  desirable  when  we  wish  to  estimate  all  main  effect 
linear  contrasts  under  the  usual  additive  model.  If  later 
information  indicates  that  the  assumed  model  (and  thus  the 
MMD  chosen)  is  inadequate,  then  the  design  may  be  augmented 
to  allow  estimation  of  two  factor  interaction-type  contrasts. 
If  we  use  the  minimum  number  of  new  assemblies,  then  the  new 
design  will  be  a  minimal  augmented  multidimensional  design 
(MAMD) . 

This  work  describes  a  procedure  for  finding  an  optimal 
MAMD.  The  S-optimality  criterion  (given  by  Shah  (I960))  is 
used  at  each  step  during  the  stage  of  augmentation  that  al¬ 
lows  estimation  of  the  contrasts  considered  to  be  of  primary 
importance.  A  design  obtained  In  this  manner  will  be  called 
a  sequentially  S-optimal  design.  It  is  shown  that  determi¬ 
nation  of  the  first  assembly  to  be  added  in  this  final  stage 
will  indicate  how  all  assemblies  should  be  added.  Although 
use  of  the  procedure  is  simplified  for  some  special  cases, 
it  can  be  used  in  a  variety  of  situations. 

In  the  final  section  of  this  work,  a  comparison  is  made 
between  the  sequentially  S-optimal  design  and  the  S-optimal 
design. 


AN  EXPLORATORY  STATISTICAL  ANALYSIS  OF  OZONE  IN  THE 
STRATOSPHERE.  B.  G.  Cox.  Dept,  of  Statistics,  Va. 
Polytechnic  Inst.,  Blacksburg,  Va.  24061 

The  distribution  of  ozone  in  the  stratosphere  and  the 
question  of  whether  ozone  is  being  affected  by  SST  pollu- 

recently.  In  thus  study,  a  time  series  analysis  was  per¬ 
formed  on  the  monthly  means  of  ozone  from  six  North 
American  stations.  Results  of  this  study  indicated  a  very 
strong  seasonal  component  to  the  variance  of  the  time  series. 
Positive  trends  were  found  in  the  data  from  four  stations. 
Since  ozone  is  formed  by  photochemical  action  and  the  time 

ing  sunspot  numbers,  this  is  suggestive  of  a  relationship 
between  the  amount  of  ozone  and  the  level  of  sunspot  activ¬ 
ity.  Evidence  was  also  obtained  that  agreed  with  earlier 
suggestions  that  ozone  displays  a  biennial  oscillation. 


SOME  RESULTS  ON  THE  PERFORMANCE  OF  ANALYSIS  OF  VARIANCE 
WITH  DISCRETE  DATA.  S.  L.  Crews*  and  R.  H.  Myers.  Dept. 
Statistics,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061 
This  paper  is  a  study  of  the  problem  of  the  adequacy  o 
the  analysis-of-variance  procedure  when  the  data  is 
discrete.  Much  has  been  conjectured  about  the  robustness 
the  analysis-of-variance  in  the  case  of  nonnormal  parents 
The  size  and  power  of  the  one-way  analysis-of-variance  is 
studied  using  simulation  for  both  the  Poisson  and  the 
Negative  Binomial  parents.  In  addition,  some  previous 


ISOTONICALLY  SHRUNKEN  ESTIMATORS  OF  REGRESSION 
>f  FUNCTIONS.  W.  H.  Fellner*,  Dept,  of  Biostatis¬ 

tics,  Med.  Col.  of  Va.,  Richmond,  Va  23298. 

Montonically  decreasing  shrinkage  factors  are 
applied  to  the  least-squares  regression  coeffi- 
>f  cients  in  the  case  that  regression  variables  enter 

the  equation  in  fixed  order,  as  in  polynomial 
regression.  The  factors  are  obtained  by  minimiz¬ 
ing  a  generalization  of  Mallows'  Cp ,  yielding 
biased  regression  coefficients  of  the  James-Stein 
type.  The  resulting  estimate  of  the  regression 
function  is  smooth  and  squared-error  consistent. 

By  setting  a  parameter  at  the  appropriate  value, 
the  probability  is  1  -  a  of  including  no  regres¬ 
sion  variables  when  all  true  regression  coeffi¬ 
cients  are  zero. 


ON  THE  UNIQUE  CONSISTENT  SOLUTION  TO  THE  LIKELIHOOD 
EQUATIONS.  R.  V.  Foutz.*  Dept,  of  Statistics,  Va.  Poly¬ 
technic  Inst.,  Blacksburg,  Va.  24061 

For  some  cases  the  maximum  likelihood  estimate  of  a 
single  parameter  may  be  taken  to  be  a  root  of  the  likelihood 
equation.  In  these  cases  questions  of  the  existence  of  a 
consistent  root  and  of  its  uniqueness  have  historically  been 
treated  separately.  In  this  paper,  existence  of  a  consis¬ 
tent  root  and  its  uniqueness  are  at  once  revealed  by  the 
same  argument. 

The  corresponding  existence  and  uniqueness  problems  for 
maximum  likelihood  estimates  of  vector  parameters  have  been 
referred  to  as  extremely  difficult.  The  difficulty  lies  in 
extending  the  single  parameter  arguments  to  the  vector  case. 
The  approach  of  this  paper  avoids  these  difficult  problems 
by  dealing  directly  with  the  vector  parameter  case  rather 
than  with  extending  single  parameter  arguments. 


THE  POISSON  DISTRIBUTION:  THE  THEORY  AND  APPLICATION  OF 
SOME  CONDITIONAL  TESTS.  J.  J.  Gart*  National  Cancer 
Institute,  Bethesda,  Md.  20014 

The  Poisson  distribution  enjoys  several  convenient  sta- 

sesses  a  sufficient  statistic.  Its  exponential  structure  per¬ 
mits  the  construction  of  "exact"  conditional  tests.  This 

developing  useful  statistical  methods.  Part  I  contains  the 
derivation  of  conditional  tests  of  the  Poisson  based  on  the 
variance  and  the  third  and  fourth  sample  cumulants.  The 
"variance"  test  is  also  extended  to  case  of  left-truncated 
samples.  In  Part  II  significance  tests  for  cross-product 
ratios  of  Poisson  means  are  derived.  All  the  methods  are 
illustrated  with  practical  examples  in  biomedical  research. 
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Man  and  the  Great  Dismal 


I 

Captain  John  Smith,  in  September  1608,  came  very 
close  to  being  the  discoverer  of  one  of  the  unusual 
features  of  this  newly  settled  land.  In  June  of  that 
year  he  had  recorded  the  discovery  of  the  Nanse- 
mond  River.  Now,  wishing  to  become  better  ac¬ 
quainted  with  his  new  neighbors,  he  sailed  up  the 
river  with  twelve  of  his  men.  He  did  not  find  the 
neighbors  very  hospitable,  and  after  a  skirmish  with 
them  some  seven  or  eight  miles  up  the  river,  he  turned 
back.  Had  he  been  able  to  explore  around  the  head¬ 
waters  of  that  river,  he  might  have  been  the  first  white 
man  to  discover  what  later  came  to  be  known  as  the 
Great  Dismal.  He  did  not  do  so,  and  no  record  has 
been  found  to  make  clear  that  any  one  person  even¬ 
tually  did.1  Sir  Thomas  Dale  must  also  have  come 
close  to  the  discovery  four  years  later  when  he  too 
explored  the  Nansemond.2  The  Indians  had,  of 
course,  long  known  it  well  as  a  hunting  ground.  The 
Great  Dismal  is  not  an  easy  place  to  explore  today, 
even  in  the  absence  of  inhospitable  Indians,  and  the 
early  settlers  may  well  be  excused  if  they  tended  to 
avoid  it.  Even  in  1670  the  map  maker  Augustine 
Herrman  described  the  area  as  “for  the  most  parts 
Low  Suncken  Swampy  Land  not  well  passable  but 
with  great  difficulty  and  therein  harbours  Tygers 
Bears  and  other  Devouringe  Creatures.”3 

It  is  probable  that  the  early  settlers,  surrounded  by 
unexplored  forest,  only  gradually  became  acquainted 
with  the  extent  and  character  of  the  Great  Dismal, 
and  that  it  had  no  single  discoverer.  Small  swamps, 
or  dismals,  as  they  were  then  called,  were  common¬ 
place  in  Tidewater  Virginia  and  North  Carolina. 
They  were,  naturally,  places  to  be  avoided.  Even¬ 
tually  the  settlers  became  aware  that  one  of  these  was 
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not  small  but  covered  a  vast  area.  Its  full  extent  was 
considerably  greater  then  than  it  is  now,  and  even 
today  estimates  of  its  extent  vary  between  250  and 
750  square  miles.4  The  Great  Dismal  extends  south¬ 
ward  from  the  headwaters  of  the  Nansemond  River, 
near  Suffolk,  Virginia,  across  the  North  Carolina- 
Virginia  boundary  line  to  the  area  just  north  of  Eliza¬ 
beth  City.  Its  limits  are  nowhere  sharply  defined,  and 
hence  the  widely  varying  estimates  of  its  total  extent. 
Portions  of  it  have  been  the  subject  of  a  great  many 
surveys  since  1608,  but  there  has  never  been  occasion 
for  a  survey  of  the  entire  swamp  per  se. 

The  Great  Dismal  not  only  seems  to  have  had  no 
single  discoverer,  but  its  early  history  is  extremely 
fragmentary.  Settlers  were  naturally  attracted  by  land 
which  could  be  exploited  with  less  effort  and  there 
was  plenty  of  it.  Gradually  land  was  patented  on  the 
fringes  of  the  swamp  and  its  outlines  became  more- 
or-less  apparent.  Livestock,  living  off  the  land,  were 
tempted  by  the  lush  growth  of  the  swamp  and  drew 
attention  to  it.  Wild  animals  which  had  provided 
good  hunting  in  the  swamp  before  the  coming  of  the 
white  man,  tended  to  be  driven  there  more  and  more 
by  his  activities,  and  attracted  white  hunters  as  well 
as  Indian.  But  the  vast  unexplored  lands  west  of  the 
early  settlements  provided  greater  attraction  with  less 
effort,  and  the  Great  Dismal  was  not  involved  in  any 
events  which  have  left  a  record  for  quite  a  number  of 
years. 

Students  of  the  early  Indian  tribes  of  this  region 
seem  agreed  that  none  of  them  lived  in  the  swamp 
except  on  temporary  hunting  expeditions.5  There 
were,  however,  a  number  of  tribes  in  the  surrounding 
area  which  relied  on  the  hunting  there  and  left  behind 
many  “arrowheads,  knives,  and  hatchets”  for  white 
explorers  to  discover.6  Captain  John  Smith  listed 
twenty-eight  tribes  as  being  under  the  control  of  Pow¬ 
hatan.  One  of  these  was  the  Nansemond  tribe  which 
attacked  Smith  and  his  men.  This  was  a  rather  large 
tribe  with  a  population  estimated  to  number  750. 
Their  principal  village  was  located  near  the  present 


1925),  p.  25. 


(New  York, 


142 


The  Virginia  Journal  of  Science 


town  of  Chuckatuck.7  On  the  North  Carolina  side  of 
the  swamp  John  White’s  map  of  the  1585-1588  pe¬ 
riod,  shows  the  areas  south  of  the  Great  Dismal  as 
belonging  to  the  “Chawanook”  Indian  tribe.  Thomas 
Harriot  who,  like  White,  was  a  member  of  the  first 
colony  sent  by  Sir  Walter  Raleigh  to  Roanoke  Island 
in  1585,  gave  some  account  of  the  Indians  in  this 
area.  So,  too,  did  Ralph  Lane,  who  was  left  in  charge 
of  the  colony  by  Sir  Richard  Grenville.8  There  is  an 
unauthenticated  account  of  an  expedition  from 
Jamestown  to  parts  of  the  Chowanook  area  by  a 
Captain  Argali  in  1610.  John  Pory,  Secretary  of  the 
Virginia  colony,  definitely  did  lead  such  an  expedi¬ 
tion  in  February  1622.  He  apparently  used  an  Indian 
trail  skirting  the  swamp  on  the  west,  and  did  not 
travel  through  the  swamp  itself.9 

Although  the  Indian  massacres  of  1622  and  1644 
and  the  hostility  of  the  Indian  tribes  generally  re¬ 
tarded  exploration  and  settlement  for  a  number  of 
years,  the  Indians  were  gradually  pushed  back  from 
the  coastal  areas  and  settlements  developed  both 
south  and  west  of  the  Great  Dismal.  In  1629,  Charles 
I  granted  a  patent  to  Sir  Robert  Heath  of  land  called 
the  “Province  of  Carolana,"  lying  between  thirty-one 
and  thirty-six  degrees  north  latitude.10  Neither  Heath, 
nor  the  Duke  of  Norfolk  to  whom  he  assigned  the 
grant,  carried  out  plans  for  establishing  a  colony. 
Thus  it  was  left  for  hunters  and  those  trading  with  the 
Indians  gradually  to  explore  this  territory  south  of 
the  Great  Dismal.  In  1655  one  William  Wright  was 
given  a  patent  to  2250  acres  of  land  in  the  swamp.11 
Some  people  made  purchases  of  land  from  the  In¬ 
dians,  a  practice  forbidden  by  Virginia  in  1662. 12 
Finally,  in  1663,  a  proprietary  grant  was  made  by 
Charles  II  to  eight  prominent  men  of  all  land  lying 
between  thirty-one  and  thirty-six  degrees  latitude  and 
extending  westward  to  the  South  Seas.  The  charter 
granted  the  men  broad  powers  to  settle,  develop  and 
govern  the  area.13 

The  new  proprietors  had  their  grant  contested  by 
the  Duke  of  Norfolk  but  his  claim  was  disallowed  on 
the  grounds  that  no  settlement  of  consequence  had 
been  made  during  the  thirty-four  years  since  the  grant 
to  Heath  by  Charles  I.  This  no  doubt  gave  encour¬ 
agement  to  the  new  proprietors  to  avoid  the  same 
pitfall.  They  soon  developed  plans  for  three  “coun¬ 
ties,”  the  northernmost  of  which  was  to  be  Albe¬ 
marle,  including  the  Chowan  River-Albemarle  Sound 
area  south  of  the  Great  Dismal.14  Settlement  began  to 
increase  in  the  Albemarle  region  although  its  growth 
was  not  spectacular.  Virginia  had  already  made  a 
number  of  grants  in  the  area  lying  between  the  Great 
Dismal  and  the  thirty-sixth  parallel. 

There  were,  at  this  time,  two  principal  roads  be- 


7  Ben  C.  McCary,  Indians  in  Seventeenth  Century  Virginia  (Williamsburg, 
1957).  p.  I. 

8  Thomas  Harriot,  A  Briefe  and  True  Report  of  the  New  Found  Land  of 
Virginia  (Dover  Publications,  New  York,  1972),  p.  42;  Richard  L.  Morton, 
Colonial  Virginia  2  vols.  (Chapel  Hill.  1960),  I,  p.  3. 
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tween  the  Carolina  settlements  and  the  Norfolk  area. 
One  ran  due  north  from  Edenton  to  Suffolk,  skirting 
the  western  edge  of  Great  Dismal,  and  from  there  one 
could  travel  by  road  or  by  ferry.  Another  ran  from 
Edenton  to  Great  Bridge  to  the  east  of  the  Great 
Dismal,  “where  were  clustered  warehouses  and  a 
wharf  or  two.  One  could  see  two-wheeled  carts  from 
the  Dismal  Swamp,  or  the  Pascot  region,  or  even 
from  Currituck,  unloading  their  barrels  of  tar,  tur¬ 
pentine,  or  pitch,  or  their  bundles  of  shingles,  or 
hogsheads  of  tobacco.”  Carolina  herdsmen  drove 
large  numbers  of  cattle  and  hogs  to  Norfolk  mar¬ 
kets.15 

As  early  as  1664  there  were  enough  settlers  in  Car¬ 
olina  to  justify  the  appointment  of  a  governor.  The 
proprietary  board  ordered  Sir  William  Berkeley, 
Governor  of  Virginia  and  also  one  of  the  eight  pro¬ 
prietors  for  Carolina,  to  appoint  one,  or  to  recom¬ 
mend  his  appointment.  His  choice  was  William 
Drummond  “a  sober  Scotch  gentleman  of  good  re¬ 
pute.”  The  beautiful  lake  in  the  Great  Dismal  ap¬ 
pears  to  have  been  named  for  him.  There  is  an  unau¬ 
thenticated  tradition  that  he  discovered  it  while  on  a 
hunting  expedition  during  which  his  companions 
were  lost  and  failed  to  return.  He  served  as  Governor 
of  Carolina  until  1667. 16 

In  1665  the  Carolina  proprietors  received  an  exten¬ 
sion  of  their  grant  northward  from  the  thirty-sixth 
parallel:  “from  the  north  end  of  Currituck  river  or 
inlet  upon  a  strait  western  line  to  Weyanoke  Creek 
which  lies  within  or  about  the  degrees  of  36  and  30 
minutes  northern  latitude;  and  as  far  west,  in  the 
direct  line,  as  far  as  the  south  seas.”17  To  some  this 
seemed  to  add  to  Albemarle  all  land  between  Albe¬ 
marle  Sound  and  the  Great  Dismal,  as  well  as  a 
substantial  part  of  the  swamp  itself.  Almost  immedi¬ 
ately  complications  arose  concerning  this  added  strip 
of  land.  There  was  no  general  agreement  concerning 
the  actual  location  of  the  new  line  separating  Virginia 
from  Carolina.  Settlers  in  the  region  who  had  re¬ 
ceived  their  grants  from  Virginia  and  paid  quit-rents 
to  her,  began  to  take  advantage  of  the  doubt  and  to 
refuse  further  payment  of  quit-rents.  When  the  Vir¬ 
ginia  Council  eventually  ordered  the  Sheriff  of  Lower 
Norfolk  County  to  take  the  necessary  steps  to  collect 
the  rents,  he  met  with  stiff  resistance.  In  at  least  one 
case  he  arrived  at  a  house  to  find  it  defended  by 
eighty  armed  men.  These  settlers  on  the  frontier  were 
a  ruggedly  independent  breed.  Many  of  them  had 
settled  there  to  escape  from  the  irksome  controls  of 
both  church  and  state.  They  were  equally  reluctant  to 
comply  with  Carolina  regulations  concerning  such 
matters  as  trade  with  the  Indians.18 

Even  those  settlers  whose  land  was  definitely  on  the 
Carolina  side  of  the  boundary  line  had  problems  with 
Virginia.  They  depended  heavily  on  her  for  market¬ 
ing  their  crops  of  corn  and  tobacco.  The  harbors  of 
Carolina  were  not  adequate  for  vessels  of  any  size.  As 
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early  as  1679  Virginia  was  attempting  to  limit  to¬ 
bacco  production  within  the  state  and  forbade  the 
shipment  of  Albemarle  tobacco  through  her  ports. 
This  left  the  Carolina  growers  to  the  tender  mercies 
of  New  England  ship  captains,  and  the  growers  were 
understandably  bitter.  Virginia  officials  tended  to  re¬ 
gard  the  Carolina  settlers  as  persons  evading  the  laws 
and  gave  them  little  sympathy.  Thus,  early  in  the  day, 
there  was  friction  and  hard  feeling  between  the  two 
colonies.19 

The  necessity  for  a  survey  to  determine  the  actual 
boundary  between  them  became  apparent  to  many  in 
both  colonies  soon  after  the  second  grant  was  made 
to  Carolina  in  1665,  but  it  was  slow  in  realization. 
The  proprietors  of  Carolina  petitioned  the  Com¬ 
mittee  for  Trade  and  Plantations  in  1681  to  require 
Virginia  to  appoint  a  commission  to  meet  with  repre¬ 
sentatives  from  Carolina.  If  the  Committee  took  any 
action,  there  seems  to  be  no  record  of  it.  Thomas 
Milner,  surveyor  for  Nansemond,  Princess  Anne  and 
Norfolk  counties,  was  sent  with  Philip  Ludwell,  gov¬ 
ernor  of  that  part  of  Carolina  north  of  Cape  Fear  in 
1690,  to  make  surveys.  He  later  referred  to  having 
notes  concerning  the  boundaries  of  the  second  grant 
to  the  proprietors  and  was  ordered  to  send  such  notes 
concerning  the  “pretended  grant”  to  the  Virginia 
Lieutenant  Governor  and  to  the  Clerk  of  the  Council 
at  James  City.20 

Since  Virginia  was  skeptical  of  the  validity  of  the 
second  grant,  the  proprietors  sent  a  copy  of  the  1665 
charter  to  Deputy  Governor  Harvey  of  Carolina  in 
1697  in  support  of  their  claim.  Finally,  in  1699,  Har¬ 
vey  received  an  official  order  from  the  Crown  to 
appoint  a  commission  to  establish  the  boundary  line. 
He  promptly  appointed  commissioners  and  sent  them 
to  Williamsburg  only  to  have  them  rejected  by  the 
Virginia  Council  on  the  grounds  that  Harvey  had  not 
been  legally  named  governor.21 

Virginia  was  not  going  to  yield  territory  without 
protest.  In  1701  Governor  Nicholson  recommended 
to  the  Lords  of  Trade  that  all  of  Carolina  be  restored 
to  Virginia.  When  nothing  came  of  this,  Virginia 
finally  ceased  to  oppose  the  determination  of  the 
boundary  line.  It  was  decided,  however,  to  run  a 
secret  survey  of  their  own  before  beginning  negotia¬ 
tions  with  Carolina.  Word  of  this  reached  Carolina 
and  she,  too,  decided  to  run  a  preliminary  survey.  In 
1709  the  Lords  of  Trade  recommended  the  appoint¬ 
ment  of  a  joint  survey  and,  for  the  first  time,  both 
colonies  favored  the  idea.  Commissioners  were  ap¬ 
pointed  in  1710,  Edward  Moseley  and  John  Lawson 
for  Carolina  and  Nathaniel  Harrison  and  Philip  Lud¬ 
well  for  Virginia.  Controversy  soon  arose  among  the 
commissioners,  primarily  over  the  identity  of  Weya- 
noke  Creek  and  the  accuracy  of  the  instruments.  It 
became  evident  that  a  compromise  was  the  only  solu¬ 
tion  and  one  was  agreed  upon  by  Governor  Eden  of 
Carolina  and  Governor  Spotswood  of  Virginia  in 
1715.  This  might  have  seemed  to  be  the  last  obstacle 
but  approval  of  the  Crown  was  required  and  it  was 

19  Boyd,  ed.,  Byrd’s  Histories,  p.  xxxi. 

”  Ibid,  p.  29;  H.  R.  Mcllwaine,  Journals  of  the  House  of  Bur¬ 
gesses...  1659/60-1693  (Richmond,  1914),  p.  199.  The  appointment  of 
Ludwell  in  1690  seems  to  have  been  the  first  recognition  of  a  North  and  a 
South  Carolina.  It  did  not  become  fully  official  until  1712. 

21  Boyd,  ed.,  Byrd's  Histories,  pp.  xxix-xxx. 


not  obtained  until  1727.  At  long  last,  in  1728,  a  new 
joint  commission  was  appointed.  From  Carolina 
came  Christopher  Gale,  Edward  Moseley,  William 
Little  and  John  Lovick.  Virginia  commissioners  were 
William  Dandridge,  Richard  FitzWilliam  and  Wil¬ 
liam  Byrd.  The  surveyors  for  Carolina  were  to  be 
Moseley  and  Samuel  Swann,  for  Virginia  Alexander 
Irvine  and  William  Mayo.2" 

Our  first  description  of  the  Great  Dismal,  as  well  as 
our  knowledge  of  the  details  of  the  actual  survey  of 
the  line,  is  found  in  William  Byrd’s  accounts.  One  of 
these,  The  History  of  the  Dividing  Line  betwixt  Vir¬ 
ginia  and  North  Carolina  run  in  the  year  of  our  Lord 
1728,  was  apparently  completed  in  1738  and  was 
intended  for  publication.  The  other,  The  Secret  His¬ 
tory  of  the  Line,  seems  to  have  been  written  earlier 
and  intended  for  limited  circulation,  not  publication. 
Neither  account  was  published  until  much  later  and 
neither  is  to  be  confused  with  Byrd’s  journal  and 
survey  notes  which  were  sent  to  the  Board  of  Trade.23 
Byrd  was  a  fascinating  character  familiar  to  many 
readers  who  have  enjoyed  his  secret  diaries,  his  corre¬ 
spondence  and  other  writings. 

Several  William  Byrds  have  been  prominent  in  Vir¬ 
ginia  history  and  are  easily  confused.  Our  concern  is 
with  William  Byrd  II,  and  his  histories  of  the  dividing 
line.  His  father,  William  Byrd  I,  came  to  Virginia 
from  London  as  a  young  man  associated  with  an 
uncle,  Thomas  Stegg,  a  very  successful  merchant  and 
Indian  trader.  He  inherited  the  business  and  land 
from  Stegg  and  added  to  his  wealth  by  his  own  activ¬ 
ity  and  by  marriage.  He  was  prominent  in  public 
affairs,  a  member  of  the  House  of  Burgesses,  member 
and  President  of  the  Executive  Council,  and  Auditor 
of  Virginia.  William  Byrd  II  (1674-1744)  was  sent  at 
the  age  of  seven  to  begin  his  education  in  England. 
He  received  a  thorough  classical  education  and  stud¬ 
ied  law  for  three  years  at  the  Middle  Temple.  He  also 
spent  some  time  with  merchants  in  Holland  and  with 
the  firm  of  Perry  and  Lane,  his  father’s  agents  in 
London.24 

After  a  prolonged  absence  from  Virginia,  Byrd 
returned  there  in  1695.  He  remained  briefly,  long 
enough  to  be  elected  to  the  House  of  Burgesses,  but 
was  soon  asked  to  return  to  England  as  legal  repre¬ 
sentative  of  the  Virginia  Assembly.  Little  persuasion 
was  required  since  he  loved  the  gay  life  of  London, 
both  social  and  intellectual.  Some  indication  of  his 
intellectual  attainments  may  be  had  from  the  fact  that 
he  was  elected,  at  the  age  of  twenty-two,  to  member¬ 
ship  in  the  Royal  Society  of  London,  then  as  now, 
one  of  the  most  prestigious  scientific  societies  in  the 
world.  He  remained  in  London  until  1704  when  the 
death  of  his  father  necessitated  his  return  to  Virginia. 
He  was  elected  to  the  Council  and  appointed  Re¬ 
ceiver-General  for  the  Crown.  In  1715  he  once  more 
sailed  for  England,  this  time  to  represent  the  colony 
with  the  Board  of  Trade.  He  did  not  return  to  Vir- 


22  Ibid,  pp.  xxx-xxxi.  John  Lawson,  a  member  of  the  earlier  commission 
had  since  been  barbarously  murdered  by  Indians. 

23  Thomas  Jefferson  is  said  to  have  interested  the  American  Philosophical 
Society  in  publishing  Byrd’s  two  accounts  of  the  survey,  but  the  Society 
decided  against  doing  so  because  of  Byrd’s  frequent  and  frank  references  to 
sex  (ibid,  p.  xxi).  The  History  was  published  by  Edmund  Ruffin  in  1841  and 
the  Secret  History  by  William  K.  Boyd  in  1929. 

24  Percy  G.  Adams’  “Introduction,”  Boyd,  ed.,  Byrd's  Histories,  p.  vi. 
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ginia  until  1726.  Thus,  when  he  undertook  to  head 
the  Virginia  contingent  in  determining  the  dividing 
line,  he  was  fifty-three  years  old,  had  spent  most  of 
his  life  in  England,  and  had  been  back  in  Virginia 
only  a  year.25 

Prior  to  meeting  to  begin  the  actual  survey,  the 
Virginia  and  Carolina  commissioners  exchanged  let¬ 
ters  concerning  equipment  needed  and  probable 
problems  to  be  encountered.  The  North  Carolina 
commissioners  raised  the  issue  of  the  Great  Dismal: 
“You  will  let  us  know,  after  what  Manner  you  pro¬ 
pose  to  run  the  Line,  whether  you  think  to  go  thro’ 
the  Great  Swamp,  which  is  near  30  miles  thro’,  & 
thought  not  passable,  or  by  taking  the  Latitude  at  the 
first  Station  to  run  a  due  West  Line  to  the  Swamp  & 
then  to  find  the  said  Latitude  on  the  West  Side  the 
Swamp,  &  continue  thence  a  due  West  Line  to  Cho¬ 
wan  River.”26  Governor  Everard  had  suggested  to 
them  in  his  instructions  that  they  might  find  it  neces¬ 
sary  to  make  a  traverse  around  the  Great  Dismal. 
The  Virginia  commissioners  agreed  that  it  might 
prove  necessary  to  survey  around  the  swamp.27 

The  commissioners  and  the  survey  party  met  at 
Currituck  Inlet  and,  after  some  preliminary  argument 
concerning  the  starting  point,  began  the  actual  survey 
on  March  seventh.  They  did  not  reach  the  Great 
Dismal  until  the  fourteenth.  It  had  taken  a  week  to 
cover  the  few  miles  from  the  coast  and  they  had 
struggled  through  mire  and  marsh  all  the  way.  In  at 
least  one  place  they  found  the  going  impossible  and 
made  a  short  traverse.  Rugged  as  the  going  had  been, 
they  were  all  well  aware  that  the  worst  was  yet  to 
come.28 

It  would  seem  that  there  might  well  have  been 
unanimous  agreement  to  traverse  around  the  Great 
Dismal  and  that  they  might  have  done  so  with  clear 
consciences.  There  was,  however,  no  disposition  to 
do  so,  either  on  the  part  of  the  commissioners  direct¬ 
ing  the  operation  or  the  surveyors  and  their  helpers 
who  were  carrying  it  out.  They  made  inquiries  of  the 
settlers  living  nearby  but  found  it  “hardly  credible 
how  little  the  Bordering  inhabitants  were  acquainted 
with  this  mighty  Swamp,  notwithstanding  they  had 
liv’d  their  whole  lives  within  Smell  of  it.  Yet,  as  great 
Strangers  as  they  were  to  it,  they  pretended  to  be  very 
exact  in  their  Account  of  its  Dimensions,  and  were 
positive  it  could  not  be  above  7  or  8  Miles  wide,  but 
knew  no  more  of  the  Matter  than  Star-gazers  know 
of  the  Distance  of  the  Fixt  Stars.  At  the  Same  time 
they  were  Simple  enough  to  amuse  our  Men  with  Idle 
Stories  of  the  Lyons,  Panthers  and  Alligators,  they 
were  like  to  encounter  in  that  dreadful  Place.”29 

It  was  apparent  to  Byrd  and  his  fellow  commis¬ 
sioners  that  anything  to  be  learned  about  the  Great 
Dismal  they  would  have  to  learn  for  themselves.  The 
complete  lack  of  knowledge  concerning  it  convinced 
them  that  they  should  not  by-pass  it.  They  therefore 
decided  against  a  traverse  around  and  determined  to 
survey  straight  through.  It  was  dec'ded  to  send  all  of 
the  surveyors  and  twelve  men  to  assist  them.  The 


~  iota.  pp.  hc 
29  Ibid.  p.  60. 


commissioners  would  skirt  the  swamp  and  meet  them 
on  the  opposite  side.  The  latter  were  not  merely  evad¬ 
ing  the  dirty  work.  They  had  concluded  that  they 
would  only  add  to  the  burdens  of  the  work  party 
without  being  of  any  great  assistance  to  them  if  they 
went  along.30  Neither  should  it  be  inferred  that  the 
survey  party  was  reluctant  to  do  the  work.  On  the 
contrary,  it  was  necessary  to  have  the  men  draw  lots 
for  the  privilege  and  Byrd  reported  that  they  “beg’d 
they  might  not  be  reliev’d,  believing  they  shou’d  gain 
immortal  Honour  by  going  thro’  the  Dismal.”31 

Byrd  was  not  to  be  denied  some  opportunity  to 
view  the  Dismal  himself.  He  and  two  other  commis¬ 
sioners  accompanied  the  survey  party  for  three  hours, 
during  which  they  were  able  to  cover  only  a  half  mile. 
He  was  thus  able  to  leave  us  a  description  of  the  outer 
edge  of  the  swamp:  “The  Reeds  which  grew  about  12 
feet  high,  were  so  thick,  &  so  interlaced  with  Bam- 
boe-Briars,  that  our  Pioneers  were  forced  to  open  a 
Passage.  The  Ground,  if  I  may  properly  call  it  so,  was 
so  Spungy,  that  the  Prints  of  our  Feet  instantly  fill’d 
with  Water.  Amongst  the  Reeds  here  &  there  stood  a 
white  Cedar,  commonly  mistaken  for  Juniper.  Of  this 
Sort  was  the  Soil  for  about  half  a  Mile  together,  after 
which  we  came  to  a  piece  of  high  land  about  100 
Yards  in  Breadth.  We  were  above  2  Hours  scuffling 
thro’  the  Reeds  to  this  Place  .  .  ,”32 

Further  accounts  of  the  swamp  were  obtained  later 
from  the  surveyors.  On  the  second  day  they  found  the 
reeds  and  briars  even  thicker  than  the  first:  “But  the 
greatest  Grievance  was  from  large  Cypresses,  which 
the  Wind  had  blown  down  and  heap’d  upon  one 
another.  On  the  limbs  of  most  of  them  grew  Sharp 
Snags,  pointing  every  way  like  so  many  Pikes,  that 
requir’d  Pains  and  Caution  to  avoid  .  .  .  These  trees 
being  Evergreens,  and  Shooting  their  Large  Tops 
Very  high,  are  easily  overset  by  every  Gust  of  Wind, 
because  there  is  no  firm  Earth  to  Steddy  their 
Roots.”33  The  third  day  of  work  was  largely  through 
“Juniper  Swamp  with  very  thick  underwoods  and 
fallen  Trees.”  They  were  able  to  cover  only  about  a 
mile  and  a  half  each  day.  After  a  Sunday  of  heavy 
rain  had  added  to  their  misery,  they  resumed  work  on 
the  fifth  day  and  managed  a  little  over  two  miles.34 

After  five  or  six  days  without  word  from  the  surve¬ 
yors  the  commissioners  became  very  concerned,  but 
probably  less  so  than  the  survey  party  who  “began  to 
be  alarmed  with  Famine,  and  not  without  reason  for 
their  Provisions  grew  very  scanty  Nor  could  they 
discern  any  marks  of  being  near  Land.  They  had  seen 
neither  Bird  nor  Beast  since  their  Entrance  into  this 
barren  wilderness,  to  supply  their  wants,  nor  so  much 
as  an  insect  or  a  reptile.”  As  their  rations  ran  low 
they  were  “reduced  to  such  Straights  that  they  began 
to  look  upon  John  Ellis’s  Dog  with  a  longing  Appe¬ 
tite,  &  John  Evans  who  was  fat  &  well  liking,  had 
reasons  to  fear  that  he  wou’d  be  the  next  Morsel.”36 
The  complete  absence  of  animal  life  seems  remark¬ 
able  but  it  must  be  remembered  that  insects  and 
reptiles  are  not  expected  in  early  March  and  that  the 

30  Ibid.  pp.  60-62. 

31  Ibid.  p.  61. 

32  Ibid.  p.  65. 

33  Ibid.  p.  66. 

34  Saunders,  ed.,  Colonial  Records.  II,  753. 

35  Ibid,  p.  754;  Boyd,  ed.,  Byrd's  Histories,  p.  83. 


Man  and  the  Great  Dismal 


145 


party  doubtless  made  enough  noise  to  scare  away 
other  animals.  Finally,  on  the  eighth  day  surveying 
was  abandoned  and  they  tramped  due  west  all  day 
without  leaving  the  swamp.  They  covered  five  or  six 
miles  and  toward  night  were  able  to  hear  cattle  and 
dogs.  On  the  ninth  day  they  finally  emerged.  After  a 
weekend  of  rest  they  returned  to  their  task  and  com- 
pleted  it  in  three  more  days.36 

The  surveyors  reported  no  very  remarkable  discov¬ 
eries  in  the  swamp.  They  had  been  fortunate  in  the 
time  chosen:  “By  the  Description  the  Surveyors  gave 
of  the  Dismal,  we  were  convinc’d  that  nothing  but  the 
Exceeding  dry  Season  we  had  been  bless’d  with  cou’d 
have  made  the  passing  of  it  practicable.  It  is  the 
Source  of  no  less  than  five  Several  Rivers  which  dis¬ 
charge  themselves  Southward  into  Albemarle  Sound, 
and  of  two  that  run  northerly  into  Virginia.  From 
thence  it  is  easy  to  imagine  that  the  Soil  must  be 
thoroughly  Soakt  with  Water,  or  else  there  must  be 
plentiful  Stores  of  it  under  Ground;  to  supply  so 
many  Rivers;  especially  since  there  is  no  Lake,  or  any 
considerable  Body  of  that  Element  to  be  seen  on  the 
Surface.”37 

The  dividing  line,  Byrd  thought,  crossed  the  Great 
Dismal  at  its  widest  point,  approximately  fifteen 
miles.  He  estimated  its  length  to  be  thirty  miles  and 
circumference  one  hundred,  sixty-five  in  Virginia  and 
thirty-five  in  North  Carolina.  He  noted  that  the  set¬ 
tlers’  cattle  and  hogs  could  “keep  themselves  fat  all 
winter”  foraging  on  the  edge  of  the  swamp,  but  that 
“they  pay  dear  for  it  by  the  Agues  &  other  distem¬ 
per  occasion’d  by  the  noxious  Vapours  the  [that] 
rise  perpetually  from  that  vast  extent  of  Mire  &  Nas¬ 
tiness  .  .  .  However  this  dirty  Dismal  is  in  many  parts 
of  it  very  pleasant  to  the  Eye,  tho’  disagreeable  to  the 
other  Sences,  because  there  is  an  everlasting  Verdure 
which  makes  every  Season  look  like  the  Spring.”  His 
accounts  of  his  experiences  in  supervising  the  survey 
make  fascinating  and  frequently  hilarious  reading.38 

It  is  unfortunate  that  Byrd  did  not  accompany  the 
surveyors  all  of  the  way  through  the  swamp.  His 
comments  on  everything  which  he  observed  on  the 
outside  suggest  that  he  might  have  provided  a  clearer 
description  than  emerged  from  the  surveyors’  ac¬ 
counts.  If  not  clearer,  it  certainly  would  have  been 
more  colorful.  His  interest  in  the  Great  Dismal  con¬ 
tinued  after  the  survey  was  completed.  He  not  only 
wrote  the  two  histories  of  the  survey  but  he  also 
recorded  a  “Proposal”  for  the  formation  of  a  com¬ 
pany  to  drain  and  exploit  the  swamp.39  None  of  these 
manuscripts  were  published  in  his  lifetime. 

It  is  evident  that  he  had  given  a  great  deal  of 
thought  to  his  proposal.  In  general  terms  he  indicated 
that  the  swamp  was  of  no  value  to  the  Crown  as  it 
was.  There  seemed  to  be  no  interest  in  obtaining  land 
grants  there.  It  only  served  to  maintain  unhealthy 
living  conditions  for  settlers  near  it.  If  the  Crown 
would  make  a  grant  of  the  entire  swamp  to  a  com¬ 


pany  and  waive  quit-rents  for  ten  years,  the  company 
could  then  afford  to  buy  slaves  and  drain  and  clear 
the  area.  In  the  course  of  drainage  canals  would  have 
to  be  dug.  These  would  not  only  provide  to  the  com¬ 
pany  transportation  for  crops  such  as  hemp  to  be 
grown  on  the  cleared  land  but  they  would  also  con¬ 
nect  the  rivers  of  Virginia  with  those  of  North  Carol¬ 
ina  and  thus  promote  commerce.  Virginia  would  reap 
“the  benefit  of  being  the  port  and  public  mart,  to 
which  the  inhabitants  of  North  Carolina  must  bring 
their  commodities.” 

More  specifically,  Byrd  thought  that  there  should 
be  twenty  shares  in  the  company  but  with  as  few 
shareholders  as  possible.  He  suggested  that  the  Earl 
of  Orkney,  Sir  Charles  Wager,  Sir  Jacob  Acworth 
and  Colonel  Bladen  be  invited  to  encourage  this 
subscription.  Ten  negroes  should  be  purchased  to 
build  houses,  prepare  a  garden,  and  clear  and  trench 
ground.  They  should  be  both  male  and  female.  It 
would  be  good  to  have  wives  for  the  men  to  keep 
them  from  wandering  at  night,  catching  colds  and 
becoming  dishonest,  and  their  work  suffering  next 
day!  If  some  died,  children  would  be  coming  along  to 
replace  them.  In  fact,  it  might  be  a  good  idea  to  lay 
out  some  money  for  children  “who  will  not  only 
season  better .  .  but  would  soon  be  fit  for  labor. 
There  should  be  twenty  slaves  purchased  the  second 
year  and  twenty-five  each  year  thereafter.  He  esti¬ 
mated  costs  for  everything,  including  soliciting  the 
grant  in  England,  surveying  the  land,  purchasing 
cattle  and  slaves,  erecting  a  house  for  an  overseer,  a 
barn  and  slaves’  quarters.  His  final  estimate  totalled 
four  thousand  pounds’  outlay  during  the  first  eight 
years  and  predicted  a  tenfold  increase  in  value  of 
shares.  He  considered  the  land  to  be  as  good  as  any  in 
the  country.  Slaves  could  be  taught  how  to  “make 
shingles,  burn  tar  and  draw  clapboards,”40  He  had 
noted  in  his  History  that  the  citizens  of  Norfolk 
“have  a  pretty  deal  of  Lumber  from  the  Borderers  on 
the  Dismal,  who  make  bold  with  the  King’s  Land 
there  abouts,  without  the  least  Ceremony.  They  not 
only  maintain  their  Stocks  upon  it,  but  get  Boards, 
Shingles  and  other  Lumber  out  of  it  in  great  Abun¬ 
dance.”41 

The  survey  of  the  line  had  made  clear  that  the 
Great  Dismal  was  less  hazardous  than  had  been  sup¬ 
posed  and,  as  time  went  on,  others  began  to  consider 
its  potentialities.  In  1755  the  Governor  of  North  Car¬ 
olina  reported  to  the  Lords  of  Trade:  “There  are 
several  large  Swamps  or  Bogs  called  here  dismal 
Swamps  which  are  low  grounds  covered  with  Reeds 
or  Canes  interspersed  which  will  be  the  best  Lands  in 
the  Province  when  reclaimed,  some  of  these  are  from 
10  to  near  30  miles  long  and  from  10  to  20  miles 
broad  particularly  one  adjoining  Virginia  .  .  .”  Carol¬ 
ina  citizens  had  earlier  shown  interest  in  such  recl¬ 
amation.  In  1740,  people  living  in  Pasquotank 
County  petitioned  the  legislature  for  an  act  to  force 
those  in  Currituck  to  “clear  that  part  of  the  great 
Swamp  that  leads  through  the  head  of  Pasquotank 
into  Currituck.”42 
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A  few  grants  were  being  made  in  and  about  the 
swamp.  William  Wright,  Jr.  took  out  another  130 
acres  “in  the  main  swamp"  in  1735.  John  Duke  and 
Thomas  Mace  patented  189  acres  the  following  year. 
Daniel  Rothery  patented  1300  acres  and  built  a  mill 
which  appears  on  the  earliest  map  of  the  swamp.  In 
1762,  Colonel  Robert  Tucker  received  a  grant  for 


1,000  acres,  and  the  following  year  he  acquired  an¬ 
other  2,000.  He  built  a  causeway  and  road  and  also  a 
mill.  Others  receiving  grants  were  John  Mercer,  Wil¬ 
liam  Cowper,  Dr.  Ferreby  and  Charles  Wilkins.43 

43  DSLC-DU;  Gershom  Nimmo  to  Fielding  Lewis,  20  November  1763, 
Swem  Dismal  Swamp  Papers,  The  College  of  William  and  Mary,  sub¬ 
sequently  referred  to  as  Swem  DS  Papers,  W  &  M. 


II 


The  first  major  development  which  would  have 
great  impact  on  the  Great  Dismal  occurred  in  1763.  It 
was  almost  certainly  inspired  by  William  Byrd’s  pro¬ 
posal  for  draining  the  swamp.  Byrd  was  no  longer 
living  but  his  son,  William  Byrd  III,  was  well  ac¬ 
quainted  with  some  if  not  all,  of  the  principal  persons 
involved. 

On  May  15,  1763,  four  men  set  out  on  a  horseback 
tour  around  the  Great  Dismal.1  All  of  them  had  a 
keen  interest  in  land.  They  were  the  thirty-one  year 
old  George  Washington  (whose  wife  was  the  niece  of 
William  Dandridge,  a  fellow  commissioner  of  Co¬ 
lonel  Byrd  in  1728),  his  brothers-in-law  Burwell  Bas¬ 
sett  and  Fielding  Lewis,  and  Dr.  Thomas  Walker, 
whose  wife  was  Mildred  Thornton,  a  Washington 
cousin.  Walker  had  been  one  of  the  most  enthusiastic 
supporters  of  the  Loyal  Company  which  was  inter¬ 
ested  in  lands  along  the  Ohio  River.  He  was  an  active 
explorer  himself,  later  founding  the  westernmost  set¬ 
tlement  in  Virginia  by  building  a  cabin  in  what  is  now 
Kentucky.  On  this  trip,  there  was  to  be  no  real  at¬ 
tempt  to  penetrate  the  swamp  deeply  but  rather  to 
circumnavigate  the  area  in  which  the  men  were  inter¬ 
ested.  In  this  manner,  they  would  be  able  to  keep  to 
the  roads  which  ran  on  the  edges  of  the  swamp,  both 
coming  and  going.2 

From  Suffolk  they  rode  south  on  the  road  to  the 
west  of  the  Dismal.  This  led  to  the  edge  of  the  Poco- 
son  Swamp,  six  miles  distant.  Two  miles  from  Suffolk 
the  road  crossed  the  creek  which  supplied  power  to 
Colonel  Riddick’s  mill.  They  were  impressed  by 
Willis  and  Henry  Riddick’s  plantations,  both  being 
level  and  high  enough  to  have  firm  ground.  Two  and 
a  half  miles  south  of  Pocoson  lay  the  Cypress  Swamp 
which  was  reputed  to  drain  more  water  into  the  Dis¬ 
mal  than  any  other  although  it  was  quite  dry  at  the 
moment.  This  condition  being  favorable  for  explora¬ 
tion  on  horseback,  they  decided  to  penetrate  the  main 
swamp  as  far  as  possible.  The  horses  did  not  sink 
over  their  fetlocks  and,  with  little  difficulty,  they  were 
able  to  proceed  well  over  a  half  mile,  the  first  part  of 
which  was  covered  with  towering  pines  and  “Gal- 
eberry”  bushes.  Pines  and  hollies  gave  way  to  reeds  as 
the  soil  changed  from  sand,  becoming  black  and 
seemingly  rich. 

The  land  along  the  road  continued  damp  and  poor 
until  they  reached  John  Riddick’s  plantation  close  by 
Mossy  Swamp.  Two  miles  further  on  they  came  to 
that  of  “one  Brindle,”  who  lived  just  north  of  the 

1  “The  Adventurers  for  Draining  the  Dismal  Swamp,"  Swem  DS  Papers, 
W  &  M. 

2  This  account  of  their  trip  is  taken  from  John  C.  Fitzpatrick,  ed..  The 
Diaries  of  George  Washington  4  vols.  (Boston  &  New  York,  1925),  I, 
188-194.  It  was  under  the  date  of  15  October  1763,  but  actually  referred  to 
their  travels  between  May  25  and  28  of  the  same  year. 


Carolina  line.  When  they  came  to  the  “Main  Swamp 
of  Oropeck,”  they  found  the  Widow  Norfleet’s  mill 
and  the  plantation  of  Luke  Sumner.  They  were  really 
impressed  to  see  the  Norfleet  and  Sumner  meadow.  It 
was  between  two  and  three  thousand  acres  and  lo¬ 
cated  on  the  swamp  mouth  which  had  enriched  it 
incalculably.  Lewis  and  Washington  noted  its  possi¬ 
bilities  and  later  bought  1093 14  acres  from  Marma- 
duke  Norfleet  for  £1300. 3  The  road  passed  several 
other  swamps  and  nowhere  was  it  more  than  two  or 
three  miles  from  the  Great  Dismal.  Washington  ob¬ 
served  that  all  the  way  to  the  bridge  over  the  Per- 
quiman  River  the  land  was  “dead  level — wet  and  cold 
in  some  places,  sandy  and  generally  poor.” 

Their  way  now  lay  east,  as  they  did  not  continue  on 
the  road  to  the  River  Bridge,  and  on  to  the  Paspotank 
River  at  Ralph’s  Ferry.  Instead,  they  chose  to  go 
more  directly,  visiting  a  small  settlement  between  the 
Perquiman  and  the  Dismal.  There,  they  took  the  new 
road  north  which  had  just  been  cut  through  the  main 
swamp.  After  five  miles  they  arrived  at  what  Wash¬ 
ington  said  the  inhabitants  called  “new  found  land, 
which  is  thick  settled,  very  rich  Land,  and  about  6 
Miles  from  the  aforesaid  River  Bridge  of  Paspotank. 
The  Arm  of  the  Dismal  which  we  passed  through  to 
get  to  this  New  land  .  .  .  is  314  Miles  measured  little  or 
no  timber  in  it,  but  very  full  of  Reeds  and  excessive 
rich.  Thro  this  we  carried  horses  without  any  great 
difficulty.  This  Land  was  formerly  esteemed  part  of 
the  Dismal,  but  being  higher,  tho’  full  of  Reeds, 
People  ventured  to  settle  upon  it  and  as  it  became 
more  open,  it  became  more  dry  and  is  now  a  prodi¬ 
gious  fine  land,  but  subject  to  wets  and  unhealthi¬ 
ness.”4  Already  the  vast  swamp  had  commenced  the 
inevitable  erosion  by  draining,  which  has  resulted  in 
its  yearly  decrease  in  size. 

As  the  travellers  went  north  on  the  swamp’s  east¬ 
ern  boundary,  they  came  to  the  conclusion  that  there 
was  little  fall  but  that  it  was  lower  on  the  eastern  and 
southern  sides.  They  passed  by  an  arm  of  the  Dismal 
seven  miles  north  which  they  were  told  ran  fifteen  to 
twenty  miles  to  the  east,  with  an  outlet  into  Currituck 
Inlet  through  the  Northwest  River.  Those  who  gave 
this  information  seemed  so  uncertain  that  the  trav¬ 
ellers  gave  little  credence  to  their  statements  although 
they  were  certain  that  the  swamp  did  drain  to  the 
east.  Thus  Washington  thought  a  causeway  built  in 
an  easterly  direction  would  soon  drain  the  area  dry. 
Three  miles  north  of  the  Virginia  line  they  came  to 

3  26  April  1766.  It  was  sold  to  John  Cowper  in  1791  for  £1090,  but  there 
was  no  indication  whether  this  was  paid  for  Washington’s  half  or  for  the 
whole  tract:  Archibald  Henderson,  “George  Washington  was  a  Carolina 
Land  Owner,"  The  Uplift,  XXXI  (17  September  1943),  12-13. 

4  Fitzpatrick,  ed..  Diaries ,  I,  192. 
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the  Northwest  River  where  they  found  flat  boats  and 
other  small  craft  loading  at  a  landing.  From  there  on 
to  Great  Bridge,  crossing  the  southern  branch  of  the 
Elizabeth  River,  they  rode  through  beautiful  farm 
land  valued  as  high  as  three  pounds  per  acre.  From 
Great  Bridge  they  turned  somewhat  west  and,  after 
an  eight  mile  ride,  came  to  Colonel  Tucker’s  mill. 
Finally,  on  May  28,  they  arrived  back  in  Suffolk. 

This  great  tour  had  not  been  taken  casually.  On  the 
day  they  had  set  out,  they  and  others  had  filed  a 
petition  with  the  Governor  and  Council  seeking 
grants  of  Great  Dismal  land.  Action  on  their  petition 
was  postponed  until  the  November  meeting.  The  Ex¬ 
ecutive  Journal  of  the  Council  did  record  the  sub¬ 
mission  of  the  petition  on  May  25  for  grants  of  land 
in  the  “Great  Dismal”  which  had  “lain  entirely  waste 
and  unpatented  hitherto.”5  The  petition  which  was 
submitted  in  November  read  as  follows: 

The  petition  of  William  Nelson  Esqr.  &  many  oth¬ 
ers  humbly  shews  that  they  being  desirous  of  tak¬ 
ing  up  and  Improving  a  large  Tract  of  waste  Land 
lying  in  the  Counties  of  Norfolk  and  Nansemond 
bounded  to  the  southward  on  Carolina  and  com¬ 
monly  known  by  the  name  of  Dismal  Swamp  did 
present  a  Petition  to  the  Honble.  Governor  and 
Council  which  was  read  the  Twenty  fifth  of  May 
last  and  the  consideration  thereof  postponed. 
AND  WHEREAS  by  some  means  the  said  Peti¬ 
tion  has  been  mislaid  and  Cannot  be  found  by 
which  your  Petitioners  are  deprived  of  the  advan¬ 
tage  of  having  the  same  reconsidered.  They  there¬ 
fore  Pray  that  leave  may  be  granted  them  to  Survey 
and  obtain  Patents  for  the  said  Lands  on  the  terms 
which  they  then  petitioned  for  as  will  appear  by  the 
Council  Journals — or  on  such  other  Conditions  as 
your  Honours  shall  think  reasonable — and  yor  Pe¬ 
titioners  as  in  duty  bound  shall  &c. 


The  Council  considered  the  petition  and  granted  per¬ 
mission  for  each  petitioner  to  “take  out  a  Patent  for 
one  Thousand  Acres,”  providing  that  notice  was 
given  to  those  whose  land  bordered  on  the  said  pat¬ 
ent,  and  that  it  did  not  interfere  with  previous  entries. 
Seven  years  were  allowed  for  surveying  and  patent¬ 
ing.6 

This  was  no  small  grant  to  several  men  but  a  very 
large  grant  indeed.  The  potential  amount  was  1 54,000 
acres,  for  there  were  153  signers  of  that  petition  in 
addition  to  William  Nelson — not  eleven  as  has  been 
rather  generally  suggested.  The  prime  promoters 
were  George  Washington,  Fielding  Lewis  and  Dr. 
Thomas  Walker.  It  was  they  who  obtained  the  addi¬ 
tional  signatures  and  the  assignment  of  their  rights  to 
themselves  and  nine  others.  Washington  was  respon¬ 
sible  for  46  names,  Walker  for  40  and  Lewis  for  68.  It 
is  not  surprising  to  find  that  the  larger  list  contained 
the  names  of  many  of  their  relatives.  There  were,  for 
example,  seven  Washingtons  and  nine 
among  those  easily  identified.7 


Two  days  after  the  Council  had  given  its  blessings 


to  their  petition,  twelve  of  the  petitioners  (or  in  some 
cases  their  proxies)  met  at  Williamsburg  to  form  a 
“Company  of  Adventurers”  for  the  purpose  of  drain¬ 
ing  the  Great  Dismal  and  reclaiming  the  land  there.8 
Whether  the  additional  petitioners  had  been  offered 
an  opportunity  to  join  the  company  and  declined,  or 
had  merely  permitted  the  use  of  their  names,  is  not 
known.  There  does  not  appear  to  be  any  record  of 
their  having  been  paid  for  the  assignment  of  their 
interest  to  the  “Adventurers.”  The  only  expense  re¬ 
corded  in  this  connection  was  an  item  of  seven  shill¬ 
ings  recorded  by  Washington.  There  evidently  was  an 
agreement  among  most  of  the  twelve  to  furnish  fif¬ 
teen  names  in  addition  to  their  own,  which  most  of 
them  did.9  Washington  carefully  preserved  the  as¬ 
signments,  at  least  for  a  time,  in  case  their  title  should 
be  questioned.10 

The  twelve  Adventurers  were  men  of  substance 
and,  in  many  cases,  connected  by  marriage.  In  addi¬ 
tion  to  Lewis,  Walker  and  Washington,  there  were 
Thomas  Nelson,  Secretary  of  His  Majesty’s  Council, 
and  his  brother  William,  also  a  member  of  the  Coun¬ 
cil;  Colonel  Robert  Tucker  of  Norfolk,  Thomas  Nel¬ 
son’s  stepson;  Robert  Burwell,  the  Nelsons’  cousin; 
John  Robinson,  Speaker  of  the  House  of  Burgesses; 
William  Waters  of  Williamsburg;  John  Syme,  half 
brother  of  Patrick  Henry,  whose  wife  was  Dr. 
Walker’s  step-daughter;  Samuel  Gist,  a  Virginia  mer¬ 
chant  in  London  who  had  settled  in  Hanover  County; 
and  Anthony  Bacon  &  Company.  Bacon  was  a  pros¬ 
perous  merchant  of  London,  who  had  spent  a  few 
years  in  the  colonies  earlier.  He  was  to  be  elected  to 
Parliament  in  the  following  year.  He  was  in  partner¬ 
ship  with  Gilbert  Franklyn,  a  West  Indian,  as  An¬ 
thony  Bacon  &  Company.  The  company  interest  in 
the  Great  Dismal  would  be  represented  by  Fielding 
Lewis.11 

Articles  of  agreement  for  the  formation  of  the  Ad¬ 
venturers  were  drawn  up  and  voted  upon.  It  was 
decided  that  agents  chosen  by  the  company  would 
inspect  the  land  and  determine  the  most  efficient 
method  of  draining  it.  They  would  estimate  the  cost 
and  levy  an  assessment  to  cover  expenses.  If  a  mem¬ 
ber  failed  to  pay  the  required  sum  he  would  forfeit  his 
land  to  the  company.  The  total  land  could  only  be 
divided  by  a  majority  vote  of  the  shareholders.  A 
member  who  wished  to  sell  his  share  must  give  the 
company  the  chance  to  purchase  it.  If  a  fraction  of  a 
share  was  sold,  only  one  person  could  vote  the  share. 

Having  completed  these  formalities,  discussion 
centered  on  the  mechanics  of  starting  the  company.  It 
was  decided  that  some  members  should  approach  the 
surveyors  of  the  two  counties  involved  and  inspect 
their  books  in  order  to  ascertain  what  entries  had 
already  been  made.  Washington,  Walker  and  Lewis 
volunteered  for  this  task  and  were  accordingly  ap¬ 
pointed  managers.  Since  no  draining  or  preparation 
of  the  land  could  proceed  without  a  labor  source,  it 
was  decided  that  each  member  would  furnish  five 
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slaves  by  the  coming  July.  In  the  meantime,  the  man¬ 
agers  should  locate  a  plantation  adjoining  the  Dismal 
on  high  ground.  They  would  furnish  it  with  tools, 
provisions  and  clothes  for  the  people.  An  assessment 
of  fifty  pounds  per  share  was  made  and  Washington 
duly  recorded  his  payment  for  that  and  the  cost  of  the 
surveyors.12  Colonel  Lewis  employed  Gershom 
Nimmo,  who  had  been  appointed  surveyor  of  Nor¬ 
folk  County  in  1753,  to  undertake  a  search  of  titles  of 
land-owners  in  the  Great  Dismal.  On  November  20, 
Nimmo  presented  him  with  a  list  of  those  patents 
entered  in  the  swamp  but  not  surveyed  or  only  par¬ 
tially.  Of  the  5800  acres  which  he  listed,  5172  had  not 
been  surveyed.13 

When  the  Virginia  Assembly  met  in  January,  they 
passed  a  bill  approving  the  company’s  drainage  proj¬ 
ect.  It  was  introduced  by  Richard  Henry  Lee  and  the 
Act  stipulated  that  the  company  had  permission  to 
cross  others’  lands,  make  canals  and  roads  through 
adjoining  land  without  being  liable  to  suit.  However, 
there  was  provision  for  arbitration  for  those  who  felt 
that  they  had  suffered  injury.14  By  April,  changes  in 
share-ownership  were  taking  place.  Colonel  Syme  re¬ 
signed  his  to  a  Colonel  Farley  and  one  half  of  Waters’ 
share  went  to  his  son-in-law,  David  Meade  of  Nanse- 
mond.15 

In  the  early  summer  of  1764  Washington  again 
visited  the  swamp,  this  time  in  order  to  start  the 
work.  It  was  his  third  trip  for  he  had  been  there  in 
October,  1763  when  he  spent  the  night  with  his 
brother  John  who  had  a  home  in  the  Dismal.16  On 
this  trip,  Washington  went  alone  and  his  expense 
account  was  only  seven  pounds,  fourteen  shillings, 
one  pence.17  Not  only  did  he  start  the  work  of  clear¬ 
ing  and  draining  but  he  studied  the  land  itself  and  its 
possibilities  far  more  thoroughly.  This  appears  to 
have  been  the  trip  he  described  in  a  letter  to  Dr.  Hugh 
Williamson  some  twenty  years  later: 

I  traversed  Drummonds  pond  through  its  whole 
circuit;  for  the  purpose  of  forming  a  plan  for  re¬ 
claiming  the  Lands,  more  than  with  a  view  to  the 
benefit  of  navigation  and  at  a  time  when  it  was 
brim  full  of  water.  I  lay  one  night  on  the  east 
border  of  it,  on  ground  something  above  the  com¬ 
mon  level  of  the  Swamp;  in  the  morning  I  had  the 
curiosity  to  ramble  as  far  into  the  Swamp  as  I 
could  get  with  convenience,  to  the  distance  perhaps 
of  five  hundred  yards;  and  found  that  the  water  at 
the  margin  of  the  Lake  (after  it  had  exceeded  its 
natural  bounds)  was  stagnant,  began  perceivably 
to  move  Eastward;  and  at  the  extent  of  my  walk  it 
had  deepen'd,  got  more  into  a  channel,  and  in¬ 
creased  obviously  in  its  motion.  This  discovery  left 
no  doubt  in  my  mind,  that  the  current  was  de¬ 
scending  into  one  of  the  rivers  of  Albemarle  Sound 
.  .  .  My  researches,  at  different  times,  into,  and 
round  this  Swamp  (for  I  have  encompassed  the 

12  Swem  DS  Papers,  W  &  M. 

13  Ibid. 

M  William  Waller  Hening,  ed.  The  Statutes  at  Large:  Being  a  Collection  of 
all  the  Laws  of  Virginia  From  tlte  First  Session  of  the  Legislature  in  the  Year 
1619.  13  vols.  (Richmond  and  Philadelphia,  1809-1823),  VIII,  18-19. 

15  27  April  1764,  list  of  original  proprietors  in  Box  I,  DSLC-DU. 

18  Fitzpatrick,  ed..  Diaries,  I,  296. 

17  Washington’s  account  for  "The  Adventurers  for  Draining  the  Dismal 
Swamp,"  Swem  DS  Papers,  W  &  M. 


whole)  have  enabled  me  to  make  the  following 
observations.  That  the  principal  rivulets  which  run 
into  the  great  dismal,  if  not  all  of  them,  are  to  the 
westward  of  it,  from  Suffolk  southwardly.  That 
Drummond  Pond  is  the  receptable  for  all  the  water 
which  can  force  its  way  thro’  the  reeds,  roots,  trash 
and  fallen  timber  (with  which  the  Swamp  abounds) 
into  it.  That  to  these  obstructions,  and  the  almost 
perfect  level  of  the  Swamp,  are  to  be  ascribed  the 
wetness  of  it.  That  in  wet  seasons,  when  the  banks 
of  the  pond  are  overborne  by  the  assemblage  of  the 
waters  from  the  quarter  I  have  mentioned,  it  dis¬ 
charges  itself  with  equal  difficulty,  into  the  heads  of 
the  rivers  Albemarle,  Elizabeth  and  Nansemond; 
for  it  is  a  fact,  that  the  late  Colo.  Tucker  of  Nor¬ 
folk,  on  a  branch  of  Elizabeth  River,  and  several 
others  on  Nansemond  River,  have  Mills  which  are, 
or  have  been  worked  by  the  waters  which  run  out 
of  the  Swamp.18 

It  was  necessary  for  some  land  to  be  bought  in 
addition  to  that  patented.  The  three  managers  pur¬ 
chased  almost  200  acres  of  the  original  William 
Wright  patent,  some  from  Stephen  Wright  and  some 
from  James  Wright.19  Members  of  the  company  met 
again  in  December  when  it  was  resolved  that  each 
member  would  pay  forty  pounds  in  addition  to  fur¬ 
nishing  four  male  and  one  female  slave.20  Washington 
recorded  an  appraisal  of  the  slaves  as  given  by  each 
member  on  July  4,  1764.  They  totalled  forty-seven 
and  were  valued  at  £2775.  Sometime  later  he  added 
another  eight  (value  £595).  Of  the  fifty-five,  eleven 
were  women  and  two  were  children.  Speaker  Robin¬ 
son’s  slaves  did  not  meet  the  standard  set  and  he  was 
assessed  £52. 21 

Land  had  been  leased  from  Mills  (Willis?)  Riddick 
on  which  the  company  erected  buildings  to  house  the 
workers.  There  was  already  a  settlement  called  Dis¬ 
mal  Town  and  a  causeway  running  east  to  Lake 
Drummond  as  both  are  shown  on  the  map  prepared 
by  the  surveyor  Nimmo  (Figure  1).  The  map  is  enti¬ 
tled  “Washington’s  Real  Estate  Adventure  in  Great 
Dismal  Swamp  Lands”  and  is  dated  November  20, 
1763.22  A  little  later  a  canal  was  dug  to  the  lake, 
following  the  old  causeway,  so  that  flat  boats  could 
be  used  to  transport  shingles  and  timber.  The  exact 
date  of  its  construction  is  unknown  but  it  was  some¬ 
time  before  1772.23  It  was  probably  quite  narrow  to 
start  with  but  was  widened  as  time  went  on.  For 
generations  it  has  been  known  as  the  “Washington 
Ditch,”  whether  George  or  John  is  unspecified.  In 
June  another  £300  was  assessed  and  a  similar  amount 
the  following  year.  The  company  was  at  last  in  pro¬ 
duction  and  cypress  shingles  were  being  sold.  From 
Washington’s  ledger  it  also  appears  that  John  Wash¬ 
ington  was  acting  as  agent  for  the  company  in  1765 
since  it  is  under  his  name  that  70,000  company 
shingles  are  credited.  He  may  well  have  been  in 

18  31  May  1784,  John  C.  Fitzpatrick,  ed.,  The  Writings  of  George  Washing¬ 
ton.  39  vols.  (Washington,  1931-1944),  XXVII,  378-79. 

19  7  December  1764  and  II  February  1765,  DSLS-DU. 

20  “Memorandum  D.S.  Company,"  15  December  1764,  DSLC-DU. 

21  “Appraisment  of  Slaves  sent  to  the  Dismal  Swamp,  July  the  4th  1764," 
Henry  E.  Huntington  Library  and  Art  Gallery. 

72  Photostats  in  the  Library  of  Congress. 

22  Advertisement  of  sale  of  the  late  Josiah  Riddick’s  75  acres  adjoining 
“the  great  ditch  in  the  Dismal  Swamp."  Virginia  Gazette.  19  November 
1772. 
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charge  of  the  work  force  from  the  very  beginning 
since  his  home  at  this  time  was  in  the  swamp. 

When  Mills  Riddick  died  his  executors  were  willing 
to  sell  the  leased  land  to  “The  Company  of  Adven¬ 
turers.”  In  December  1766,  the  first  payment  of  one 
hundred  pounds  was  made  to  them,  of  which  Wash¬ 
ington  paid  seventeen  pounds,  seven  shillings,  ten 
pence.24  Nimmo  was  employed  to  make  a  survey  of 
the  company  holdings  including  the  just  purchased 
land.  The  accompanying  description  said  the  survey 
began  at  the  mouth  of  Pocoson  Swamp  running 
south  to  “the  southernmost  House  at  Dismal  Town.” 
Reference  was  made  to  the  “pond  Landing”  and 
details  of  the  Riddick  land  given.  The  company  hold¬ 
ings  totalled  10,449  acres,  not  including  the  lake  and 
ran  all  the  way  to  the  Carolina  line.25 

Washington  made  two  trips  to  the  swamp  in 
1767. 26  One  of  them  may  have  been  to  look  over  238 
acres  of  swamp  in  Nansemond  County  which  he  and 
the  two  other  managers  patented  on  September  10.27 
It  was  not  until  May  1768  that  the  company’s  articles 
of  agreement  were  formally  acknowledged  before  the 
General  Court  and  recorded.28  Two  deaths  among 
the  original  shareholders  occurred  not  long  after¬ 
wards:  Colonel  Tucker  in  1768  and  Speaker  Robin¬ 
son  in  1769.  The  latter’s  share  was  bought  in  by  the 
company  leaving  twelve  full  shares  for  the  remaining 
eleven  members.29 

Other  people  were  taking  out  patents  in  the  Dis¬ 
mal.  Three  men,  Edward  Wright  and  two  others, 
patented  four  hundred  acres  “known  by  the  name  of 
the  wild  Cow  Ridge.”  Two  weeks  later  four  others 
patented  four  hundred  acres  adjoining  “Edward 
Wright  and  Company.”30  This  precipitated  action  by 
William  Nelson  and  the  other  members  who  “entered 
all  the  Vacant  Land  and  Swamp  adjoining  the  same 
in  Norfolk  County,”  on  August  7,  1770. 31 

The  company  accounts  kept  by  George  Washing¬ 
ton  end  in  1768,  at  which  time  his  brother  John 
succeeded  to  the  formal  title  of  Manager,  although  he 
had  been  doing  the  actual  overseeing  for  several 
years,  possibly  since  1764.  This  is  borne  out  by  an 
advertisement  in  the  Virginia  Gazette  in  1771: 

Run  away  from  the  Subscriber,  in  Isle  of  Wight,  a 
Negro  named  JACK,  about  five  and  thirty  years  of 
Age,  five  Feet  ten  Inches  high,  a  slim,  clean  made, 
talkative,  artful  and  very  saucy  Fellow.  Also  a 
Negro  Woman  named  Venus,  thirty  two  Years  old, 
five  Feet  four  Inches  high,  stout  made,  very  smooth 
tongued,  and  has  been  five  Years  accustomed  to 
the  House.  They  worked  in  the  Dismal  Swamp 
about  two  Years,  under  Mr.  John  Washington, 
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Fig.  1 — Adapted  from  the  earliest  known  map  of  Lake  Drum¬ 
mond  from  a  survey  of  lands  in  the  Virginia  part  of  Dismal 
Swamp.  Prepared  by  Washington’s  Surveyor,  Gershom  Nimmo, 
and  dated  Norfolk,  20  November  1763. 


and  carried  with  them  several  different  kinds  of 
Apparel.  Whoever  delivers  the  said  Negroes  to  me, 
or  secures  them  so  I  may  get  them,  shall  have  a 
Reward  of  FORTY  SHILLINGS  for  each 
NATHANIEL  BURWELL 
These  two  slaves  had  been  part  of  Nathaniel’s  fa¬ 
ther’s  share  furnished  the  Land  Company  around 
1764.  They  were  on  Washington’s  1764  list,  Venus 
being  valued  at  sixty  pounds  and  Jack  at  seventy. 

The  demand  for  shingles  continued.  John  Wash¬ 
ington  advertised  in  the  same  paper  on  May  13,  1773: 
“I  am  desired  to  give  notice  to  those  Gentlemen  who 
are  indebted  to  the  Dismal  Swamp  Company  for 
shingles,  that  if  they  do  not  discharge  their  accounts 
by  the  25th  of  July  next  they  will  be  put  into  the 
hands  of  an  attorney,  without  further  application.” 
In  March,  1774,  Robert  Carter  ordered  25,000  cy¬ 
press  shingles  to  be  delivered  at  David  Meade’s  saw 
mill  from  which  they  would  be  shipped  to  him.32  An 
ingenious  utilization  of  the  swamp  lands  was  in¬ 
stituted  when  the  company  began  the  raising  of  rice. 
By  1777,  John  Washington  shipped  fifty-five  casks  of 
it  to  Antigua.33 
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Rumors  of  impending  war  reached  the  Great  Dis¬ 
mal  area  in  the  late  spring  of  1775.  The  day  after  the 
battle  of  Lexington,  the  Virginia  governor,  Lord 
Dunmore,  ordered  his  men  to  seize  the  powder  maga¬ 
zine  at  Williamsburg,  and  declared  Patrick  Henry  a 
traitor.  So  infuriated  were  the  Virginians  that,  in 
June,  Dunmore  fled  to  the  safety  of  the  British  war¬ 
ship,  the  Royal  William  and  sailed  down  to  the  navy 
yard  at  Gosport,  near  Norfolk.  By  August,  he  had 
organized  the  local  Loyalists  into  a  fighting  force  and 
raised  an  regiment  of  Negroes  soon  known  as  his 
“Ethiopians.”  To  this  indignity  accorded  the  plant¬ 
ers,  always  under  a  threat  of  a  slave  uprising,  was 
added  an  even  more  serious  one  when,  in  November, 
Dunmore  offered  freedom  to  both  indentured  serv¬ 
ants  and  slaves  who  joined  his  forces.  He  defeated  the 
Princess  Anne  militia  in  October  and  proceeded  to 
fortify  Norfolk  where  he  declared  martial  law.1 

A  British  traveller,  J.  F.  D.  Smythe,  who  had  spent 
some  time  in  America,  wrote  an  interesting  account 
of  wartime  conditions  there.  He  had  escaped  from  the 
rebel  forces  which  had  captured  him  and  had  paid  a 
Negro  two  dollars  to  hide  him  in  the  swamp: 

This  Great  Dismal  is  the  principal  of  all  those 
dreadful  places  called  Swamps,  only  to  be  met  with 
in  America  ...  It  is  in  form  of  a  vast  oval,  thirty 
miles  in  breadth,  and  fifty  in  length,  with  a  lake 
nearly  in  the  center,  seven  miles  in  diameter, 
abounding  with  fish. 

Throughout  the  whole  of  this  truly  dismal  place, 
there  is  scarcely  the  least  appearance  of  any  kind  of 
soil;  for  even  where  there  is  no  water  nothing  can 
be  discovered  but  cypress  knees,  closely  intermixed 
with  a  matted  body  of  strong  fibrous  roots  vines 
and  vegetative  productions  everywhere,  in  a  dark 
and  dreary  shade  altogether,  impervious  to  the  rays 
of  the  sun.  The  trees,  &c.  growing  so  close  thick 
and  lofty,  that  one  person  will  lose  another  therein, 
at  ten  yards  distance;  and  afterwards  if  they  wan¬ 
der  a  few  hundred  yards  asunder,  no  noise,  clam¬ 
our,  or  hallowing,  from  either  of  them,  can  be 
heard  by  the  other,  for  the  woods  are  so  close  as  to 
prevent  the  vibration  of  air  for  any  distance 
through  them;  even  the  report  of  fire-arms  is 
smothered.2 

Smythe  reported  that  bears,  wolves,  panthers,  wild 
cats,  possums,  coons,  beaver  and  some  deer  were  to 
be  found  on  the  ridges.  He  mentioned  an  abundance 
of  muskrats,  otters  and  snakes.  Seeing  evidence  of 
fires,  he  learned  that,  in  droughts,  the  ridges  were 
often  accidentally  set  afire.  The  hollows  left  where  the 
accumulated  fallen  trees  burned  on  the  ground,  be¬ 
came  small  ponds.  There  was  still  talk  of  one  im¬ 
mense  fire  which  had  burned  for  weeks  and  caused 
the  animals  to  flee  to  the  plantations  on  the  swamp’s 
fringes.  Smythe  wrote  “This  place  is  also  called  the 
Great  Desart"  since  there  were  no  “human  in¬ 


habitants,”  thus  making  it  secure  not  only  for  ani¬ 
mals  but  for  runaway  slaves.3 

Smythe  was  interested  in  the  Land  Company  oper¬ 
ations:  “This  swamp  belongs  to  a  company  of  propri¬ 
etors,  who  have  begun  to  render  it  of  advantage  and 
profit  to  them.  They  commenced  with  getting  lumber, 
cypress  shingles,  and  boards,  and  with  considerable 
labour,  they  have  now  formed  several  plantations 
therein,  which  produce  immense  crops  of  Indian 
corn.  They  have  also  cut  a  navigable  canal,  nine  miles 
in  length,  from  the  great  lake,  for  the  conveyance  of 
lumber  and  produce  .  .  .  and  they  have  formed  a 
causeway  of  timber,  as  a  road  through  it,  from  the 
end  of  the  canal.4 

On  the  northern  fringes  of  the  Dismal,  there  was  a 
120  foot  long  bridge  across  the  southeastern  branch 
of  the  Elizabeth  River.  There,  the  two  roads  coming 
from  Carolina  to  the  east  and  the  west  of  the  Dismal, 
met.  Here,  the  produce  was  unloaded  from  the  carts 
and  put  on  board  ships  for  Norfolk  and  points  north. 
The  town  on  the  southern  side  was  known  as  Great 
Bridge.  Dunmore  quickly  realized  the  bridge’s  impor¬ 
tance  as  a  land  approach  to  Norfolk.  He  gave  orders 
to  build  a  fort  there.  It  was  completed  November  6 
and  manned  by  a  small  force  of  twenty-five  men,  with 
a  lieutenant,  a  sergeant  and  a  corporal.5 

The  Virginia  Committee  of  Safety  gave  Colonel 
William  Woodford  orders  to  march  to  the  Norfolk 
area  with  his  Second  Virginia  Regiment.  He  was  able 
to  repulse  a  British  attack  on  Hampton  and  then 
went  to  the  defense  of  Great  Bridge.  There  he  was 
joined  by  350  Minutemen  from  Culpepper,  Fauquier 
and  Orange  counties.  Among  the  Fauquier  contin¬ 
gent,  arrayed  in  hunting  shirts,  were  Major  Tom 
Marshall  and  his  son,  Lieutenant  John,  later  the  first 
Chief  Justice.  Woodford  had  an  earthern  breastwork 
thrown  up  on  the  southern  side  of  the  causeway. 
Sporadic  fighting  began  December  4,  when  sixteen 
Negroes  and  five  whites  were  killed.  The  following 
day,  an  American  boat  guard  stationed  five  miles 
away,  was  attacked  but  successfully  relieved.  On  De¬ 
cember  7,  Woodford’s  forces  totalled  over  a  thou¬ 
sand  men,  having  been  reinforced  by  three  of  Colonel 
Patrick  Henry’s  companies  and  a  North  Carolina 
militia  company.  The  colonials  were  anxious  to  trap 
the  British  into  a  pitched  battle  and  Major  Marshall 
baited  the  trap.  He  sent  his  servant  with  orders  to 
reveal  that  there  were  only  three  hundred  Americans 
but  that  they  would  be  reinforced  by  several  hundred 
shortly.  The  ruse  worked  and  the  British  attacked  on 
the  ninth,  with  only  one  hundred  and  twenty  regular 
troops  and  a  mixed  bag  of  sailors,  marines  and  Ne¬ 
groes.  The  battle  of  Great  Bridge,  one  of  the  first  of 
the  Revolution,  lasted  only  a  half  hour.  Over  one 
hundred  British  were  killed  or  wounded  and  only  one 
“rebel”  was  wounded. 

Norfolk  changed  hands  twice  again  before  Dun¬ 
more  left  for  England  in  July,  1776.  Among  the  many 
who  had  suffered  from  his  actions  was  the  “Company 
of  Adventurers.”  They  credited  him  with  enticing 
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away  six  of  their  slaves:  three  forty-year-olds:  David, 
“black  and  lusty,”  Will,  bearing  the  scars  of  small 
pox  and  Harry,  “Short  and  thick;”  two  thirty-five- 
year  olds,  York  and  Norfolk,  and  a  thirty-year-old 
“Boy  Harry,  Spare  and  slim.”6  Although  Dunmore 
had  departed,  much  lawlessness  in  Princess  Anne  and 
Norfolk  was  credited  unjustly  to  the  Loyalists  in 
1777.  These  illegal  activities  became  such  a  threat 
that  Governor  Patrick  Henry  offered  $150.  for  the 
arrest  of  the  leaders,  the  principal  one  being  Josiah 
Philips.7  He  would  retire  to  the  Dismal  with  fifty  or 
more  men  and,  as  Jefferson  said,  “from  thence  sallied 
forth,  plundering  and  maltreating  the  neighboring 
inhabitants,  and  covering  himself,  without  authority, 
under  the  name  of  a  British  subject.”8  In  May,  1778, 
Henry  raised  his  reward  to  $500.  and  unsuccessfully 
sent  one  hundred  militia  after  the  bandits.  They  were 
followed  by  state  troops.  Henry  and  Jefferson  de¬ 
cided  a  bill  of  attainder  was  the  only  solution.  Philips 
was  finally  caught,  indicted  for  robbery  in  spite  of  his 
claim  of  being  a  British  subject,  and  hung  December 
4,  1778.9 

Throughout  the  war  years,  the  Land  Company 
managed  to  survive,  with  Colonel  Henry  Riddick 
succeeding  John  Washington  as  manager,  and  Jacob 
C.  Collie  overseeing  the  work.  Starting  in  1778,  Da¬ 
vid  Jameson,  the  treasurer,  had  invested  company 
funds  each  week  in  Virginia  Treasury  certificates  to  a 
total  of  £12,408.16.0.  Taxes  were  paid  yearly  and 
some  of  the  expenses  were  offset  by  the  sale  of  corn, 
fodder,  rice  and  lambs.10  The  war  moved  close  to  the 
swamp  again  in  late  1780  when  the  British  retired 
from  the  north  side  of  the  James  River  to  Ports¬ 
mouth.  General  Leslie  commanded  a  post  between 
Nansemond  River  and  the  Dismal.  Militia  from  Prin¬ 
cess  Anne  and  Norfolk  Counties,  including  many 
from  the  Dismal  area,  continually  made  attacks  on 
the  British.11 

In  1775,  the  Land  Company  had  had  fifty  Negroes 
“most  of  them  Fellows  and  at  least  forty  good  work¬ 
ing  hands  with  Tools  of  every  kind  necessary  for  the 
plantations  about  30  head  of  Cattle,  very  few  if  any 
sheep  &  the  stock  of  Hoggs  not  worth  mentioning.”12 
Now,  at  war’s  end,  Collie  reported  to  Jameson  on  the 
state  of  the  company  property  which  had  suffered 
from  the  British.  Twelve  more  slaves  had  been  lost  to 
Goodrich  and  Cornwallis.13  Collie’s  letter  of  July  31, 
1781,  gave  more  details: 

Sir, 

This  will  inform  you  the  Damage  done  to  the 

Dismal  Swamp  by  the  British  on  their  Late  Excur¬ 
sion  down  this  quarter,  to  Portsmouth — They  have 


6  Jacob  C.  Collie’s  “List  of  Negroes  that  went  to  the  British,”  April  1781, 
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7  William  Wirt  Henry,  Patrick  Henry,  Life,  Correspondence  and  Speeches. 
4  vols.  (New  York,  1891),  I,  611. 

8  Jefferson  to  William  Wirt,  14  August  1814,  Albert  Ellery  Bergh,  ed..  The 
Writings  of  Thomas  Jefferson  (Washington,  1907),  XIII,  170. 

9  Henry,  Henry,  I,  613.  His  case  became  a  cause  cel'ebre  later. 

10  “Memorandum  of  Money  lent  Virga.  Treasury  in  the  Name  of  Dismal 
Swamp  Company,”  17  July  1780,  and  David  Jameson  to  Willaim  Nelson,  25 
October  1784  as  well  as  Jameson's  Account  1773-1785  and  that  of  Collie 
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12  John  Driver  to  Jameson,  15  January  1790,  DSLC-DU. 

13  Collie’s  "List  of  Negroes  that  went  to  the  British,”  DSLC-DU. 


taken  all  the  old  Corn,  say  upwards  of  2000  Blls,  all 
the  Stock,  saveing  10  or  12  Head,  all  the  Slaves, 
saveing  five  thats  fit  for  any  kind  of  Labour,  all  the 
Tools,  that  is  all  the  Hoes,  Axes,  &c — besides  a 
great  many  new  files,  sorted  as  well  as  great  dam¬ 
age  done  to  severall  of  the  out  Houses,  Particularly 
Barnes,  as  well  as  some  of  my  Nigh  Neighbours 
that  is  endeavouring  to  make  reprisalls  of  a  Negro 
Fellow  &  Two  Cart  Horses,  the  former  of  which 
were  with  the  Enemy,  but  the  latter  were  also. 
James  Batts  is  the  person,  who  I  can  prove,  Har¬ 
bours  the  Slave  Tom.  The  Horses  were  taken  from 
me  by  the  Enemy,  But  were  not  Carried  away,  with 
them,  but  taken  up  by  Henry  Lassiters  Son  of 
Aaron,  and  now  in  Possession  of  Jason  Riddick, 
who  absolutely  refuses  giveing  them  up  Saying  they 
are  Legal  prizes — Oweing  their  being,  once  in  the 
hands  of  the  Enemy — in  answer  to  this  matter, 
Please  so  advise  me,  as  soon  as  Convenient.  The 
Country  has  had  abot.  300  Blls  Corn,  besides 
Blades  &  Rice,  The  Vouchers  for  which,  I  have 
never  been  able  to  get  the  whole  signed  by  the 
Commanding  Officers,  but  will  do  it  if  possible, 
after  wch  shall  send  them  to  you  if  you  require  it 
for  to  enable  you  to  get  Payment.  There  seems  a 
very  promiseing  Crop  Corn  &  a  Little  Rice,  but 
how  its  to  be  got  in,  I  know  not,  as  well  as  how 
matters  are  to  be  conducted  in  future,  for  want  of 
help,  please  to  write  fully. 

He  added  that  his  personnel  loss  was  also  great, 
having  had  all  of  his  corn  stock  and  eight  Negroes 
seized.  The  end  of  the  war  left  the  company  with  but 
eleven  men  of  whom  seven  were  “pretty  good,”  six 
women  and  three  children.14 

On  May  4,  1779,  the  Virginia  legislature  passed  an 
act  declaring  void  “all  orders  of  council  or  entries  for 
land  in  the  council  books”  unless  actually  surveyed  as 
directed.  There  was  one  exception:  “a  certain  order  of 
council  for  a  tract  of  sunken  grounds,  commonly 
called  the  Dismal  Swamp.  .  ,”15  The  implication  was 
that  the  Land  Company  was  allowed  their  claim  al¬ 
though  the  surveys  were  not  complete.  With  the  war 
over,  others  were  taking  out  large  grants.  In  July, 
1782,  John  Cowper  used  his  Treasury  Warrant  to 
patent  1410  acres  known  as  Pumpkin  Line  Plat,  ad¬ 
joining  Company  land.  There  was  also  an  entry  of 
Wells  Cooper  &  Company  for  6,000  acres.16  Avail¬ 
able  swamp  land  was  gradually  disappearing.  Even 
more  worrisome,  David  Jameson  wrote  to  Dr. 
Walker  on  June  22,  1783,  was  that  he  was  told  several 
persons  had  taken  out  warrants  “intending  to  locate 
them”  on  the  company’s  lands  and  “the  opinion  pre¬ 
vails  that  they  will  hold  them  as  we  have  not  proved 
to  survey.”  Robert  Andrews,  who  had  been  em¬ 
ployed  to  make  a  survey  of  40,000  acres,  had  been 
slow  in  completing  it.  However,  the  company  had 
conscientiously  paid  taxes  on  them  each  year. 
Jameson  requested  Walker  to  ask  Jefferson’s  advice 
as  to  their  legal  status.17  In  reply,  Walker  wrote  that 
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DU. 

17  DSLC-DU. 


152 


The  Virginia  Journal  of  Science 


“Our  having  paid  the  taxes  is  a  proof  that  no  fraud 
was  intended”  but  he  would  consult  Jefferson.18 

Andrews  completed  the  survey  in  October  but 
Jameson  felt  that  it  would  be  controversial  since 
other  Land  Office  warrants  on  the  land  had  been 
issued  to  various  people.  He  called  for  a  company 
meeting  November  5,  in  Richmond.19  He  was  startled 
to  learn  that  the  original  grant  had  been  made  for 
over  150,000  acres  and  wrote  Walker  that  “I  never 
knew  how  many  persons  were  on  the  list  that  the 
grant  was  made  to.  1  believe  you,  Gen.  Washington  & 
Mr.  Lewis  managed  that  business  &  got  the  proper 
assignments — I  suppose  they  will  be  called  for  if  our 
title  is  disputed.”20  At  the  meeting,  Robert  Andrews’ 
survey  of  40,000  acres  and  his  bill  for  £100  were 
presented.  Few  came  and  Jameson  discovered  that 
the  members  were  offended  that  he,  who  had  no 
authority,  had  called  it.  They  did  not  consider  it 
official.  In  April,  1784,  Jameson  replied  to  David 
Meade’s  letter  in  which  he  had  stated  that  he  thought 
the  company  was  on  the  verge  of  bankruptcy. 
Jameson  denied  it  and  wrote:  “I  am  far  from  Consid¬ 
ering  the  Compa.  in  a  State  of  Bankruptcy  as  you 
seem  to  do.  They  have  funds  enough,  but  we  have 
been  taught  by  our  Country  that  Funds  and  money 
are  two  different  things.  The  money  I  reed,  belonging 
to  the  Co.  in  the  Age  of  Paper  I  placed  in  the  Loan 
Office  as  I  reed,  it,  and  have  in  my  possession  certifi¬ 
cates  in  the  amo.  of  £12,Q00.”21  That  summer  he 
urged  Walker  to  ask  “the  great  &  good  Gen.  Wash¬ 
ington”  to  name  a  time  and  place  of  meeting  which 
should  persuade  all  the  members  to  attend.22 

Walker  had  proposed  a  meeting  to  Washington 
months  before  this  and  the  general  had  replied  in 
April  that  he  thoroughly  approved.  He  suggested  that 
Walker  issue  a  notice  of  it  and  that  it  should  be  held 
in  Richmond.  He  added  that  it  had  been  nine  years 
since  he  had  heard  any  news  of  the  company  and  that 
he  would  very  much  like  a  copy  of  Andrews’  survey.23 
He  wrote  to  Walker  again  in  late  August,  having  had 
no  answer  to  his  previous  letter  nor  yet  seen  an  an¬ 
nouncement  of  the  company’s  meeting  in  the  paper.24 
A  meeting  for  October  16  was  finally  called.  A  few 
days  later.  Walker  paid  the  £25  Register’s  fee  for 
issuing  the  company's  40,000  acre  grant.25  If  Wash¬ 
ington  attended  the  November  meeting,  he  made  no 
note  of  it.  He  did  send  an  ad  of  a  meeting  to  be  held 
in  Richmond  the  following  May  and  recorded  that  a 
quorum  of  the  Proprietors  met  in  the  Senate  Cham¬ 
ber  there.26  They  acted  upon  Jameson’s  suggestion 
that  five  to  six  thousand  pounds  be  borrowed  to  drain 
lands  and  to  purchase  Negroes.  William  Anderson 
was  given  authority  to  borrow  the  smaller  sum  at  5% 
or  less  for  not  less  than  seven  years.27  For  labor. 
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Washington  conceived  the  idea  of  using  European 
workers  rather  than  buying  Negroes.  He  wrote  to 
John  de  Neufville  in  Amsterdam  on  September  8, 
inquiring  about  importing  Dutch  or  German  work¬ 
ers,  knowledgeable  in  draining  and  other  agricultural 
operations.  He  was  disgusted  to  find  that  de  Neufville 
was  already  on  his  way  to  Boston.28  He  talked  to  a 
Dutch  merchant  in  Alexandria  just  before  he  left  for 
New  England  and  asked  him  to  inquire  about  the 
possibilities  among  his  colleagues  whom  he  would  be 
visiting  along  the  way.  Unfortunately,  nothing  came 
of  that  matter.29  Meanwhile,  Jameson  had  advised 
Collie  to  hire  ten  Negroes  for  that  year.30 

John  Driver  reported  in  August  1786  that  there 
were  insufficent  Negroes  “to  keep  the  place  in  order, 
the  Ditches  are  much  broke  &  require  a  deal  of  Work 
on  them,  the  present  Crop  is  almost  drowned,  there 
will  be  little  Corn  made.”  He  wished  that  some  of  the 
company’s  members  would  visit  to  review  the  situa¬ 
tion.31  In  January  1787,  Jameson  wrote  to  Driver, 
apologizing  that  nothing  had  been  done  and  “to 
manage  as  well  as  you  can.”  By  spring,  they  hoped  to 
procure  the  white  servants  since  there  was  not  suf¬ 
ficient  money  to  buy  Negroes  and  no  one  was  willing 
to  hire  out  their  slaves.32 

For  the  next  ten  years,  the  company  correspon¬ 
dence,  mainly  between  Jameson  and  Driver,  was  con¬ 
tinuously  gloomy.  Although  sales  of  shingles  num¬ 
bered  in  the  millions  and  many  pales  were  sold,  there 
was  never  sufficient  money  for  the  taxes  or  supplies. 
Norfolk  County  as  well  as  Nansemond  attempted  to 
collect  taxes.  There  were  bad  debts.  Collie  left  and  it 
became  increasingly  impossible  to  find  a  good  over¬ 
seer.  Encroachments  on  company  land  continued  to 
be  a  source  of  worry.  Sexton  and  John  Cowper,  part¬ 
ners  in  a  lumber  business,  continually  cut  large  quan¬ 
tities  of  timber  off  company  land.  Driver  suggested, 
rather  sadly,  that  if  they  would  only  pay  for  its  value, 
it  might  be  a  good  idea.  Strangers  from  the 
“Northd.”  made  entries  on  company  land  near  Deep 
Creek.  At  least  there  was  one  happy  note:  Patrick 
Henry  and  George  Kelly  compromised  respecting 
their  swamp  lands  interfering  with  those  belonging  to 
the  company.33  The  shares  continued  to  change  hands 
through  death  and  sale.  One  of  Driver’s  letters  was 
carried  by  a  Mr.  Bacon  in  1791.  Anthony  Bacon  had 
died  around  1785.  He  left  his  interest  in  the  company, 
2/3  of  a  share,  to  his  half-brother  William,  who  lived 
in  Maryland  before  the  Revolution.  This  young  man 
was  probably  William’s  son,  James,  for  Driver  said 
that  his  “Father  has  an  Interest  in  the  Dismal  &  he  is 
getting  what  information  he  can  respecting  the 
place.”34  The  other  third  of  the  share  belonged  to 
“Mr.  Francklyn,”  presumably  heir  to  Gilbert  Frank- 
lyn,  one-time  partner  in  Anthony  Bacon  &  Com¬ 
pany. 

It  was  all  exceedingly  discouraging  for  the  Pro¬ 
prietors.  Washington  replied  to  John  Jameson’s 

29  Fitzpatrick,  ed.  Writings.  XXVIII,  259. 

29  Washington  to  John  Page,  3  October  1785,  ibid,  286-87. 

30  15  February  1785.  DSLC-DU. 

31  Driver  to  William  McCauley,  26  August,  DSLC-DU. 

32  25  January,  DSLC-DU. 

33  Thomas  Shepherd  to  Colonel  John  Jameson,  17  August  1798.  This  and 
the  preceding  information  from  DSLC-DU. 

33  Driver  to  Jameson.  19  May.  This  letter  and  other  information  are  all  in 
the  DSLC-DU. 
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request  for  another  $80.  assessment  for  the  company, 
that  he  had  never  received  a  cent’s  return  on  his 
investment  in  more  than  twenty  years.35  Nevertheless, 
he  had  written  glowingly  of  the  value  of  his  share  in 
1793  when  he  hoped  to  sell  it  to  Governor  Henry  Lee: 
“This  swamp  in  fertility  of  soil,  cannot  be  exceeded — 
It  is  covered  with  the  finest  Cypress  &  Juniper,  & 
other  lofty  wood — Its  undergrowth  is  luxuriant 
Canes — In  the  opinion  of  the  Subscriber  it  may  be 
easily  drained,  &  when  drained  is  equal  to  the  richest 
riceland  of  So.  Carolina,  which,  in  its  unreclaimed 
state,  sells  from  ten  to  fifteen  pounds  sterling  pr.  acre 
and  from  thirty  to  fifty  when  reduced,  and  in  order 
for  cultivation."  Washington  praised  the  situation, 
close  to  Norfolk.  Portsmouth  and  Suffolk;  its  ex¬ 
cellent  transportation;  and  the  fine  plantation.  He 
was  asking  £5000  for  his  2/21  share.  In  a  later  memo¬ 
randum,  he  refers  to  the  40,000  acres  and  the  fact  that 
the  shareholders  “have  a  just  right  to  a  good  deal 
more  which  has  been  taken  from  them  (illegally,  and 
not  past  recovery)  through  their  own  inattention.”36 

In  1797,  Alexander  Macauley,  Norfolk  merchant 
who  had  bought  half  of  Fielding  Lewis’  share  from 
his  executor  in  1773,  engaged  Benjamin  Henry  Lat- 
robe  to  survey  the  company  land  and  to  advise  upon 
improvements.  The  engineer  and  his  two  compan¬ 
ions,  having  missed  the  York  stage  that  day  in  early 
June,  went  to  Petersburg  and  down  the  river  to 
Smithfield,  where  they  spent  the  night.  Unfortunately 
Latrobe’s  journal  makes  no  further  comment  except 
that  “The  excursion  into  the  Dismal  Swamp  opened  a 
prospect  for  professional  pursuits  of  more  impor¬ 
tance  to  me.  I  saw  there  too  much  to  describe  at 
random  and  too  little  to  describe  at  all  without  seeing 
more.”37  He  did  present  an  expense  account  for  $60. 
to  Thomas  Swepson,  company  Treasurer  at  that 


time,  for  “a  Hammock,  Bill  hooks, — a  Quadrant — 
boots,  Jacket,  &c  .  .  .”38 

Over  the  years,  North  Carolinians,  as  well  as  Virgi¬ 
nians,  recognized  the  Dismal’s  possibilities  but  have 
left  fewer  records.  The  Lebanon  Company,  similar  to 
the  Dismal  Swamp  Land  Company,  had  vast  timber 
interests  south  of  the  state  line.  Its  holdings  were  even 
larger  than  those  of  its  Virginia  counterpart.  It  had 
mills  at  the  upper  end  of  Pasquotank  River.  Here 
developed  a  town  known  as  Old  Lebanon,  now  South 
Mills.39  In  1779,  an  Act  was  passed  giving  Gideon 
Lamb,  for  twenty-five  years,  the  right  to  build  a 
bridge  “or  causeway  .  .  .  through  the  Great  Swamp 
from  Lebanon  to  Camden  County — ”  Although  the 
bridge  had  been  built  by  1782,  a  petition  was  made  to 
repeal  the  act  but  was  rejected.40  In  May  1784,  Dem- 
sey  Burgess  and  others  unsuccessfully  sought  to  enter 
lands  in  Camden  County  which  would  be  tax  exempt 
for  a  time.41  It  may  have  been  because  there  was  still 
some  doubt  as  to  the  line  dividing  the  Counties  of 
Camden  and  Currituck  in  the  Dismal.  Sometime  dur¬ 
ing  that  year  it  was  defined,  dividing  the  swamp 
equally  between  the  two  counties.42  Virginians  pat¬ 
ented  Carolina  land,  too.  In  addition  to  Washington, 
Patrick  Henry  and  his  son-in-law,  John  Fontaine, 
had  land  in  both  Camden  and  Gates  Counties.43 
There  was  little  temptation  for  any  casual  inspection 
of  land  opportunities  in  Carolina,  for  the  post  road 
was  nearly  impassable.  A  postal  inspector  in  1777 
reported  that  water  on  it  was  up  to  the  horses’ 
knees.44 

38  Latrobe  to  Thomas  Swepson,  21  June  1797,  DSLC-DU. 

39  The  Lebanon  Company  owned  between  forty  and  fifty  thousand  acres. 
Hugh  Williamson  to  Washington,  24  March,  1784,  DSLC-DU. 

40  Saunders,  Records  of  North  Carolina,  XIII,  578;  XV,  64;  XIX,  272. 

4!  Ibid,  XIX,  593,  603,  419. 

42  See  David  Leroy  Corbitt,  The  Formation  of  the  North  Carolina  Counties, 
1663-1943  (Raleigh,  1950).  d  p  •  k  H  P-  Th  C  11  f 

XXXVI  (July,  1959),  360. 


IV 


William  Byrd’s  suggestion  that  a  canal  connecting 
the  Nansemond  or  Elizabeth  River  with  Albemarle 
Sound  would  be  a  profitable  development  did  not 
bear  fruit  until  after  his  death.  Whether  or  not  he  had 
any  influence  in  bringing  it  about  cannot  be  deter¬ 
mined.  There  does  not  seem  to  be  any  record  of  any 
further  promotion  of  the  idea  until  1784.  On  March 
24th  of  that  year,  Dr.  Hugh  Williamson,  Continental 
Congressman  from  North  Carolina,  wrote  to  George 
Washington  on  the  subject: 

You  are  probably  informed  that  there  is  a  com¬ 
pany  in  North  Carolina  called  the  Lebanon  Com¬ 
pany  who  own  40  or  50  thousand  acres  of  land  on 
the  south  side  of  Drummond’s  Lake  or  the  Great 
Dismal.  I  presume  their  lands  are  bounded  to  the 
northward  by  the  Lands  of  ye  Virginia  Company 
of  which  you  are  a  member.  By  the  last  post  I 
received  letters  from  some  gentlemen  who  are  of 
the  Lebanon  Company  proposing  a  Plan  which 
they  apprehend  will  not  only  tend  to  the  improve¬ 


ment  of  all  the  lands  on  Albemarle  Sound  and 
greatly  promote  the  commerce  of  Virginia.  They 
propose  to  dig  a  canal  from  the  head  of  Pasque- 
tank  into  the  lake  in  the  dismal  &  thence  into  some 
navigable  water  which  leads  into  Chesapeake  Bay. 

He  went  on  to  discuss  the  proposal  at  some  length, 
suggesting  that  the  company  be  incorporated  by  the 
legislatures  of  both  Virginia  and  North  Carolina.1 
Washington  promptly  replied  that  he  had  long 
thought  such  a  canal  would  be  practicable  although 
to  dig  one  large  enough  to  accomodate  any  vessel 
capable  of  navigating  Albemarle  Sound  would  be  too 
ambitious.2  He  sent  a  copy  of  Williamson’s  letter  to 
Dr.  Thomas  Walker.  On  July  15th  of  the  same  year, 
David  Jameson,  Treasurer  of  the  Land  Company, 
had  received  a  copy  of  the  letter  from  Dr.  Walker  and 

1  DSLC-DU. 

2  Washington  to  Williamson,  31  March  1784,  Fitzpatrick,  ed..  Writings, 
XXVII,  378. 
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commented  in  his  reply:  “I  am  fully  convinced  of  the 
great  benefits  that  would  arise  both  to  the  public  and 
to  individuals  could  a  navigable  canal  pass  through 
the  Lake  but  there  is  very  little  probability  that  our 
present  Comp,  will  ever  engage  in  it.”3 

Benjamin  and  Joseph  Jones  of  Pasquotank  have 
been  credited  by  some  with  originating  the  idea  of  a 
canal  in  North  Carolina.4  Enthusiasm  for  the  project 
was  by  no  means  universal  there.  Williamson 
sounded  discouraged  when  he  wrote  on  December 
1 1,  1784  to  Thomas  Jefferson  at  Paris:  “People  near 
Edenton  are  afraid  that  a  canal  from  Pasquotank 
River,  through  Drummond’s  Lake,  would  deprive 
that  town  of  its  small  remains  of  Trade,  and  the 
people  of  Pasquotank  River  who  would  be  profitted 
by  the  canal  have  not  Enterprise  enough  to  go  on 
with  Work.”5  Jefferson  became  caught  up  in  enthusi¬ 
asm  for  the  enterprise.  He  replied  to  Williamson  on 
February  6,  1785:  “I  am  glad  to  find  you  think  of  me 
in  the  affair  of  the  Dismal.  It  is  the  only  speculation 
in  my  life  I  have  decidedly  wished  to  be  engaged  in.” 
He  had  previously  written  to  James  Madison  con¬ 
cerning  the  proposed  canals  at  Cayuga  and  the  Great 
Dismal:  “These  works  will  spread  the  field  of  our 
commerce  westwardly  and  southwardly  beyond  any 
thing  ever  yet  done  by  man.”6 

Williamson’s  pessimism  was  not  entirely  justified. 
Already  the  wheels  were  beginning  to  turn.  In  1785 
the  Virginia  General  Assembly  authorized  the  ap¬ 
pointment  of  a  commission  to  study  the  feasibility  of 
a  canal.  Patrick  Henry,  whose  second  term  as  gover¬ 
nor  began  in  November  of  that  year,  had  an  active 
interest  in  the  improvement  of  navigable  rivers  of  the 
state  and  encouraged  the  proposal.7  Robert  Andrews 
and  John  Cowper  were  appointed  by  Henry  to  meet 
with  a  North  Carolina  group.  Henry  wrote  to  Gover¬ 
nor  Caswell  of  North  Carolina  informing  him  of  the 
Virginia  action  and  requesting  that  North  Carolina 
cooperate.8  On  March  12,  1786,  Caswell  replied, 
agreeing  to  present  the  Virginia  proposals  to  his  legis¬ 
lature.  He  had  definite  reservations  about  doing  so, 
however,  for  on  the  previous  day  he  had  written  to 
Abner  Nash,  sending  a  copy  of  the  Virginia  resolu¬ 
tion  and  commenting  that  such  a  canal  might  be  “a 
means  of  making  our  neighbors  our  Carriers  and 
giving  them  advantage  of  exporting  our  most  valu¬ 
able  Produce  .  .  .  according  to  some  N.  Carolinians.” 
In  spite  of  his  reservations,  he  did  present  the  Vir¬ 
ginia  proposal  to  the  Assembly  on  November  20, 
1786,  and  on  November  27  a  letter  from  Andrews 
and  Cowper  suggesting  December  8  for  a  meeting.9 
Galloway  and  Macon  of  the  Senate,  and  McLaine 
and  McKenzie  of  the  House  were  appointed  to  meet 
with  Andrews  and  Cowper  at  Fayetteville  on  Decem¬ 
ber  9.  Further  consideration  of  the  canal  was  post¬ 
poned  pending  their  report  of  the  meeting  to  the  next 


4  Clifford  Reginald  Hinshaw,  “North  Carolina  Canals  Before  1860," 
North  Carolina  Historical  Review,  XXV  (January,  1948),  15. 

4  Boyd.  ed..  Jefferson.  VII.  569. 

6  Ibid.  VII.  642. 

7  Robert  Douthat  Meade,  Patrick  Henry.  Practical  Revolutionary  (Phila¬ 
delphia  and  New  York.  1969),  p.  269. 
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9  Brown.  Canal,  p.  33;  Saunders,  ed.,  Colonial  Records,  XVIII,  571,  1 14, 
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session  of  the  Assembly.  The  question  of  approval  of 
the  proposed  canal  was  hotly  debated  at  the  next 
several  sessions  of  the  Assembly.  Opponents  of  the 
measure  objected  on  grounds  which  were  not  without 
merit.  Virginia  already  had  very  adequate  seaports 
which  North  Carolina  lacked.  The  canal  would  profit 
Virginia  and  discourage  North  Carolina  from  im¬ 
proving  its  own  ports.  Norfolk  would  corner  all  com¬ 
merce  while  North  Carolina  was  “dwindling  into 
fishing  towns.”  It  was  improper  to  allow  a  small 
group  of  men  such  a  monopoly  on  trade.  Further¬ 
more,  it  was  politically  unwise  to  enter  into  an  agree¬ 
ment  by  law  which  could  only  be  repealed  with  the 
consent  of  another  government.  In  spite  of  all  such 
arguments  the  more  immediate  benefits  of  being  able 
to  ship  goods  readily  must  have  weighed  more  heav¬ 
ily  with  the  legislators  for  the  Act  passed  its  third 
reading  in  1790. 10  Arguments  against  it  would  have 
carried  more  weight  had  not  North  Carolina  long 
been  sending  its  produce  to  Norfolk  by  other  means. 

The  Virginia  General  Assembly,  not  surprisingly, 
was  more  easily  persuaded  of  the  virtues  of  such  a 
canal.  Virginia  could  scarcely  lose  by  its  construction 
and  had  much  to  gain.  The  act  approving  the  canal 
was  passed  December  1,  1787.  It  was  long  and  de¬ 
tailed,  providing  for  the  condemnation  of  land,  the 
raising  of  funds  by  subscription,  and  even  estab¬ 
lishing  the  toll  charges  to  be  made  for  each  of  a  long 
list  of  commodities.  It  specified  the  width  and  depth 
of  the  canal  to  be  dug  but  this  was  modified  by  an 
amendment  to  the  act  in  1790. 11  Although  the  worst 
obstacle  might  seem  to  have  been  removed  when  the 
approval  of  the  North  Carolina  Assembly  was  ob¬ 
tained,  there  remained  the  impressive  problem  of 
raising  sufficient  funds.  The  legislators  had  approved 
the  project  on  a  subscription  basis,  not  as  a  state 
financed  undertaking.12  The  Virginia  General  Assem¬ 
bly  did  authorize  in  1791  the  state  Treasurer  to  pur¬ 
chase  and  vote  fifty  shares  of  the  company,  and  again 
in  1799  the  addition  of  twenty  more.13  North  Caro¬ 
lina  did  not  commit  any  state  funds.  The  raising  of 
money  by  subscription  went  slowly  in  both  states  and 
no  actual  digging  began  until  1793.  The  company 
could  not  be  incorporated  until  at  least  half  of  the 
authorized  capital  of  $40,000  had  been  subscribed  at 
$2.50  per  share.  George  Washington  subscribed 
$500. 14 

It  is  doubtful  that  even  the  most  ardent  supporters 
of  the  canal  proposal  had  a  clear  understanding  of 
the  magnitude  of  the  undertaking.  The  written  record 
which  survives  seems  to  suggest  that  they  were 
amazingly  vague  about  such  basic  questions  as  the 
exact  route  to  be  followed  and  the  number  of  locks 
required.15  The  early  proposal  made  by  the  Lebanon 
Company  and  supported  by  George  Washington,  for 
a  route  through  Lake  Drummond  must  have  been 

'"Ibid,  XVIII,  56-57,  296;  XXI,  1082-83;  XXV,  83-93. 

"  Hening.  ed..  Statutes,  XII,  478-94;  Anonymous,  Dismal  Swamp  Canal 
Company  Rules  &  Regulations.  (Norfolk,  1820),  pp.  3-16. 

12  Hinshaw,  “North  Carolina  Canals  .  .  North  Carolina  Historical  Re¬ 
view,  XXV  (January.  1948).  19. 

13  Hening.  ed..  Statutes,  XIII,  264;  Anonymous,  Dismal  Swamp  .  .  .  ,  pp. 
18-19. 

14  Hening,  ed„  Statutes,  XII.  478-79;  Hinshaw,  “North  Carolina  Canals 
.  .  ."  North  Carolina  Historical  Review,  XXV  (January,  1948),  19. 

15  Duke  de  la  Rochefoucault-Liancourt,  Travels  Through  the  United  States 
oj  North  America,  4  vols.  (London,  1799),  III,  13. 
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abandoned  rather  early.  Among  the  papers  of  the 
Dismal  Swamp  Land  Company  at  Duke  University 
there  is  a  rather  rough  sketch  entitled  “The  course  of 
the  intended  canal  thro’  the  Dismal  Swamp  as  sur¬ 
vey’d  by  N.  Forster.”  This  shows  a  route  east  of  Lake 
Drummond  and  approximately  that  actually  fol¬ 
lowed.  It  shows  the  canal  beginning  near  Tucker’s 
mill  on  Deep  Creek,  running  “S:  12  W  10  miles”  to  a 
point  where  it  makes  an  oblique  angle  and  continues 
“S  2 1  Vi  E  11  Vi  miles”  to  a  bridge  over  the  Pasquotank 
River  at  Joy’s  (Joyce’s)  Creek.  The  angle  formed  by 
the  two  lines  would  be  roughly  opposite  Lake  Drum¬ 
mond. 

When  the  digging  began  it  was  started  from  both 
ends.  Hired  slaves  were  used  for  some  of  the  work 
and  some  was  contracted  at  $4,000.  per  mile.  Re¬ 
markable  progress  was  made  considering  the  tools 
available.16  Three  years  later  the  Duke  de  la  Roch¬ 
efoucauld  visited  the  Dismal  while  on  a  tour  of  this 
country  and  gave  an  interesting  account  of  the  canal: 

They  are  at  present  forming  a  canal  which  passing 
through  the  Dismal  Swamp,  is  to  unite  the  waters 
of  the  fourth  branch  of  Elizabeth  River,  or  rather 
of  Deep-Creek  which  falls  into  it,  with  Albemarle 
Sound,  by  the  River  Pasquotank,  and  which  will 
thus  considerably  shorten  and  facilitate  the  com¬ 
munication  between  North  Carolina  and  Norfolk. 
This  canal,  to  which  the  two  legislatures  of  North 
Carolina  and  Virginia  have  severally  given  their 
sanction,  is  carried  on  by  subscription:  it  is  three 
years  since  it  was  begun;  and  in  three  years  more  it 
is  expected  to  be  finished.  It  is  to  be  twenty-eight 
miles  in  length,  and  to  run  through  a  soil  which  is 
said  to  be  very  favorable  for  the  purpose,  and 
easily  worked.  Five  miles  of  it  are  already  dug  on 
the  Virginia  side,  which  I  examined  with  some  care, 
and  thought  very  well  executed.  The  Dismal- 
Swamp  has  less  solidity  than  any  other  which  I 
have  ever  seen:  but  the  earth  which  is  dug  for  the 
passage  of  the  canal  hardens  in  the  air,  and  makes 
an  excellent  dike. 

What  must  appear  surprizing,  is  that,  for  this 
canal  which  already  seems  in  such  a  state  of  for¬ 
wardness,  no  levels  have  been  taken.  It  is  not  yet 
known  what  number  of  locks  may  be  necessary, 
and  even  whether  any  will  be  requisite.  Con¬ 
sequently  it  is  impossible  to  ascertain  what  may  be 
the  expense  of  completing  it,  or  even  whether  the 
success  of  the  undertaking  can  be  depended  on.  It 
is  thus  almost  all  the  public  works  are  carried  on  in 
America,  where  there  is  a  total  want  of  men  with 
talents  in  the  arts,  and  where  so  many  able  men, 
who  are  perhaps  at  the  moment  unemployed  in 
Europe,  might  to  a  certainty  make  their  fortunes  at 
the  same  time  that  they  are  rendering  essential 
service  to  the  country.17 

The  visit,  in  1803,  of  another  distinguished  guest  has 
been  widely  cited.  The  Irish  poet,  Thomas  Moore, 
found  inspiration  there  for  his  ballad,  “The  Lake  of 
the  Dismal  Swamp.”18 

16  Hinshaw,  “North  Carolina  Canals  .  .  North  Carolina  Historical  Re¬ 
view  (January,  1948).  21. 

17  LaRochefoucauld,  Travels,  III,  13-15. 

18  Stansbury,  The  Lake,  p.  1 . 


The  estimated  completion  date  for  the  canal  which 
the  Duke  noted  was  probably  obtained  from  some 
official  of  the  Canal  Company.  Thomas  Newton,  its 
president,  still  thought  it  could  be  completed  in  1799 
in  February  of  that  year  but  he  was  unduly  optimis¬ 
tic.19  The  two  waterways  were  not  joined  until  1805 
and  even  then  four  miles  of  the  canal  were  only  at 
half  width.  Although  the  many  delays  must  have  been 
discouraging  to  canal  enthusiasts,  the  canal  was  by 
no  means  useless  during  the  twelve  years  of  digging. 
Shallow  draft  boats  were  able  to  make  some  use  of 
the  two  ends  for  various  purposes.  Newton  was  able 
to  report  to  George  Washington  that  the  Company 
was  paying  subscribers  punctually  and  that  the  Com¬ 
pany  was  increasing  in  value.20 

The  Company  had  to  contend  with  a  wide  variety 
of  problems  in  digging  the  canal  and  constructing 
locks.  Labor  was  frequently  both  scarce  and  ex¬ 
pensive.  In  1799  they  were  threatened  with  a  suit  by 
the  Land  Company  which  claimed  loss  of  water  from 
its  mills.21  In  1806  a  very  bad  fire  in  the  Swamp 
disrupted  the  work  and  left  trees  both  in  and  across 
the  canal.22 1 n  1 808  high  water  levels  created  a  variety 
of  problems.  Samuel  Proctor,  who  was  directing  the 
digging  operation  at  the  North  Carolina  end  of  the 
canal,  complained  bitterly  to  President  Richard 
Blow:  “I  makes  use  of  all  meanes  to  get  the  water 
off — I  cut  loose  that  lock  at  Mr.  Spences  in  order  to 
get  the  water  off — But  that  man  known  by  the  name 
of  Isaac  Place — goes  at  the  dead  hour  of  the  night  & 
stops  it — if  some  measure  is  not  taken  to  prevent  his 
meddleing  with  that  end  of  the  canal  it  never  will  be 
done.”23 

Isaac  Pleas  gave  Blow  a  different  version  of  the 
affair: 

Having  commenced  in  Lumber  getting  on  this  Ca¬ 
nal  wherein  I  felt  great  assurance  that  I  should 
have  all  the  aid  that  cou’d  be  afford  from  the  Canal 
to  get  my  Lumber  to  market  as  the  Tool  would 
amount  to  a  respectable  sum,  in  the  cours  of  it,  I 
have  discovered  at  times  a  secret  Ambition  In  Sam¬ 
uel  Proctor  I  suppose  it  partly  originated  from  the 
Little  Misunderstanding  respecting  the  Canal 
Tract  &  the  Ben  Jones  House  etc,  and  the  Influence 
of  some  persons, — Yet  I  did  not  think  the  spleen 
would  be  carri’d  so  far  as  to  Injure  me,  until  of 
lately  there  has  appeared  some  striking  features  in 
the  conduct  of  Samuel  Proctor  that  show  he  would 
wantonly  do  me  what  Injury  lays  in  his  power — 
during  those  rains  he  has  deprived  the  New  Leba¬ 
non  Mills  of  water  by  cutting  away  the  John 
Spence  Lock  under  pretense  that  it  wou’d  effect  the 
digging  at  the  same  time  the  water  has  at  least  15 
Inches  Live  fall  at  that  Canal  Lock. 

Pleas  continued,  at  some  length,  explaining  how  the 
water  problem  could  be  solved  without  injury  to  the 

19  Wm.  G.  Palmer  and  others,  eds..  Calendar  of  Virginia  Stale  Papers  and 
other  Manuscripts  Preserved  in  the  Capitol  at  Richmond  (Richmond,  1875), 
IX,  6. 

20  James  A.  Padgett,  “Letters  of  Thomas  Newton,  Jr.,“  William  and  Mary 
Quarterly,  2nd  Ser.,  16  (January,  1936),  47-48.  There  seems  to  be  some 
question  whether  or  not  dividends  were  paid  to  subscribers  at  this  time. 

21  Thomas  Shepherd  to  William  Nelson,  16  October  1799,  DSLC-DU. 

22  Ruffin,  “Observations,”  The  Farmers'  Register  IV  (January,  1837), 
519-20. 

23  14  May  1808,  Blow  Papers,  The  College  of  William  and  Mary. 
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New  Lebanon  Mills  and  assuring  Blow  that  he  had 
no  wish  to  impede  the  digging  of  the  canal  or  to 
"Injure  the  young  Man  nor  lessen  him  in  your  esteem 
he  seems  Quite  zealous  either  to  serve  the  Company 
or  to  use  the  power  of  the  Company  to  gratify  his 
Private  spleen  against  me.”24 

The  original  acts  of  assembly  authorizing  the  con¬ 
struction  of  the  canal  had  established  deadlines  for  its 
completion  which  proved  to  be  far  from  realistic. 
Twice  it  became  necessary  to  request  an  extension  of 
time.  On  December  16,  1800,  the  Virginia  General 
Assembly  passed  an  act  extending  the  completion 
date  for  five  years  from  September  19,  1801.  This  act 
also  directed  the  Company  to  construct  a  causeway 
on  one  bank  of  the  canal  and  authorized  the  collec¬ 
tion  of  tolls  for  the  use  of  the  partially  completed 
canal.25  This,  too,  proved  to  be  insufficient  time  so 
again,  on  January  20,  1807,  the  Assembly  allowed  six 
more  years  from  August  1,  1806,  for  completion  of 
the  work.26 

Stockholders  of  the  Company  became  disgusted  at 
times  with  the  slow  progress  of  the  work  and  the  lack 
of  dividends  on  their  investment.  One  wrote  a  letter 
to  the  Company  and  his  fellow  stockholders  in  the 
columns  of  the  Norfolk  Gazette  &  Public  Ledger  of 
April  14,  1808,  enquiring  what  had  been  accom¬ 
plished  in  all  of  this  time:  “You  have  marked  the 
course  of  the  canal  it  is  true — you  have  made  an 
indifferent  road,  and  a  boat  can  swim  empty  four  or 
five  miles  in  the  center  of  the  Dismal  Swamp!  All  this 
you  have  performed  in  little  more  than  sixteen 
years!”  He  protested  that  the  stockholders  knew  little 
about  what  went  on,  and  that  although  at  least  $6000 
had  been  received  in  one  year — sufficient  for  a  7% 
dividend,  no  dividend  had  been  declared.  In  spite  of 
all  obstacles  the  officials  of  the  Company  refused  to 
be  discouraged  and  continued  doggedly  with  the  un¬ 
dertaking. 

The  “indifferent  road”  mentioned  by  the  irate 
stockholder  led  to  another  development.  In  October 
1802,  William  Farange  purchased  fifty  acres  of  land 
in  Camden  County,  North  Carolina,  several  miles 
south  of  the  Virginia-North  Carolina  line,  and  built 
the  first  inn  of  the  Great  Dismal.  This  seems  to  have 
achieved  a  somewhat  dubious  reputation  as  a 
“Gretna  Green,”  but  being  twenty-four  miles  south 
of  Norfolk  and  seventeen  north  of  Elizabeth  City,  it 
must  have  provided  a  much  needed  rest  point  for 
travelers.27 

As  an  increasing  number  of  flatboats  made  use  of 
the  canal,  it  became  apparent  that  there  was  in¬ 
sufficient  water  for  them  during  dry  periods.  Further¬ 
more,  if  there  was  to  be  any  question  of  attracting 
larger  and  more  sophisticated  craft  to  use  the  canal 
something  must  be  done.  It  was  decided  to  tap  the 
water  supply  of  Lake  Drummond  as  had  been  autho¬ 
rized  by  the  original  act  of  the  General  Assembly,  by 
digging  a  “feeder  canal”  three  miles  long  two  miles 
north  of  the  dividing  line.  The  Company  advertised 
for  bids  on  the  proposal  in  June  1811,  but  had  no 


2<  13  May  1808.  ibid. 

25  Anonymous,  Dismal  Swamp  .  .  . ,  pp.  19-20. 

28  Ibid.  p.  20 

27  Jesse  F.  Pugh  and  Frank  T.  Williams,  The  Hotel  in  the  Great  Dismal 
Swamp  (Old  Trap.  N.  C.,  1964).  p.  16. 


takers.  They  reluctantly  decided  that  they  must  do 
the  work  themselves  and,  in  July,  advertised  for  forty 
or  fifty  hands.28  Meanwhile  the  work  at  Deep  Creek 
continued.  When  the  lock  there  was  finished  in  De¬ 
cember,  the  Company  announced  the  completion  of 
the  main  canal  after  twenty  years  of  work.  The  occa¬ 
sion  was  formally  celebrated  the  following  April. 
Governor  of  Virginia  James  Barbour,  attended  by  the 
president  and  directors  of  the  Company,  watched 
from  a  boat  the  official  joining  of  the  waters  of 
Chesapeake  Bay  with  those  of  Albemarle  Sound.29 

Although  the  War  of  1812  did  not  directly  involve 
the  Dismal  Swamp  Canal,  it  did  have  some  bearing 
on  the  slow  but  steady  increase  of  traffic  there.  A 
letter  from  Richard  Blow,  former  president  of  the 
Company,  to  Ebenezer  Slade,  of  Hamilton,  North 
Carolina,  in  July  1812,  gave  some  dimensions  of  the 
canal  at  that  time.  Slade  had  written  Blow  that  he  was 
preparing  to  build  a  vessel  capable  of  operating  be¬ 
tween  his  home  on  the  Roanoke  River  and  Norfolk, 
via  the  canal.  He  wanted  to  know  the  limitations 
imposed  by  the  canal.  Blow  replied  that  the  locks  at 
Deep  Creek  and  Joyce’s  Creek  were  ninety  feet  long 
(eighty-two  feet  clear)  and  fifteen  feet  wide.  The  five 
locks  between  were  “the  same  length  &  width  calcu¬ 
lated  to  pass  boats  of  3  feet”  draft.  The  canal  itself 
was  twenty-two  miles  long,  twenty-two  feet  wide  and 
six  feet  deep.30 

The  first  vessel  large  enough  to  be  considered  a 
“ship”  passed  through  the  canal  in  1814,  when  a 
twenty-ton  craft  loaded  with  bacon,  brandy  and 
other  goods  made  the  passage.31  In  spite  of  the  limita¬ 
tions  of  the  canal,  sizable  quantities  of  goods  passed 
through  it.  Major  Kearney  reported  to  Congress  that 
“In  the  year  1815  during  the  few  weeks  it  was  open 
for  navigation  tolls  were  paid  on: 

6,519,419  shingles 

1,160,591  staves 

16,703  bushels  of  Indian  corn 
2,313  bushels  of  rice 
2,138  hogsheads  of  tobacco 
3,575  barrels  of  tar 
329  casks  of  turpentine  spirits 
2,475  bales  of  cotton 
1 19  barrels  of  black  lead 
327  tons  of  iron 

181  tons  of  lead  and  powder  and  shot”32 

A  single  Carolina  merchant  during  a  six  months’ 
period  of  1816  shipped:  41,000  pipe  staves,  193,000 
hogshead  staves,  160,000  barrel  staves,  370  barrels  of 
tar,  six  barrels  of  pitch,  371  barrels  of  fish,  27  barrels 
of  oil,  2,233  barrels  of  corn,  10,000  pounds  of  bacon, 
59  casks  of  flax  seed,  2  casks  of  bees’  wax  and  16 
kegs  of  lard.33 

Each  year  work  continued  in  deepening  and  im¬ 
proving  the  canal.  In  1816  the  stockholders  advanced 
money  to  improve  its  width  and  depth,  and  to  con- 

28  John  C.  Emmerson,  Jr.,  “The  Dismal  Swamp  Canal,"  unpublished 
transcript  of  newspaper  articles.  The  Mariner’s  Museum  Library.  1950, 
quoting  Norfolk  Gazelle  <£  Public  Ledger.  21  June  181 1;  10  July  181 1. 

29  Palmer  and  others,  eds.  Calendar,  X.  38. 

30  Blow  Papers.  The  College  of  Wiliiam  and  Mary. 

31  Emmerson,  “Canal."  Norfolk  Gazette  &  Public  Ledger.  II  June  1814. 

32  James  Kearney,  “Chesapeake  and  Delaware  Canal  and  Dismal  Swamp 
Canal,"  Report  to  the  14th  Congress  (Washington.  1817)  pp.  704-08. 

33  Emmerson,  “Canal,”  Norfolk  Gazette  &  Public  Ledger.  I  June  1816. 
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struct  more  substantial  locks.  The  latter  were  built  of 
Juniper  wood  but  were  later  replaced  by  stone.  The 
Company  was  authorized  by  the  General  Assembly 
to  raise  an  additional  $50,000.  In  1817,  the  Assembly 
invested  $47,000  in  the  Company.  Another  lottery 
was  authorized  in  1826.  The  new  money  enabled  the 
Company  to  eliminate  three  locks  by  raising  the 
banks  of  the  canal.34 

While  the  Canal  Company  concerned  itself  with 
the  main  canal,  the  Land  Company  was  very  much 
concerned  with  smaller  canals,  their  means  of  bring¬ 
ing  out  shingles  and  lumber  from  the  inner  areas  of 
the  swamp.  There  was  apparently  quite  a  network  of 
these.  Some  of  the  more  important  ones  can  be  ap¬ 
proximately  dated.  The  first  known  canal  in  the 
swamp  was  that  known  as  the  “Washington  Ditch,” 
previously  mentioned  as  having  been  dug  some  time 
prior  to  1772.  The  next  canal  of  any  appreciable  size 
completed  was  the  Jericho,  providing  an  outlet  from 
Lake  Drummond  to  the  Nansemond  River  near  Suf¬ 
folk,  finished  about  1810.  The  Corapeake  canal  ap¬ 
pears  to  have  been  completed  in  1822.  Another  ob¬ 
vious  place  for  a  canal  was  between  the  headwaters  of 
the  Northwest  River  and  the  main  canal,  to  provide 
a  connection  with  Currituck  Sound.  Permission  for 
its  construction  was  given  by  the  General  Assembly 
in  181 8.35 

Interesting  observations  on  the  Great  Dismal  were 
recorded  in  a  diary  by  Samuel  Huntington  Perkins  in 
October  1817.  Perkins,  a  recent  graduate  of  Yale,  was 
on  his  way  to  Hyde  County,  North  Carolina,  to  serve 
as  a  tutor  to  the  children  of  Dr.  Hugh  Jones.  He  went 
through  the  Dismal  on  the  road  which  had  been 
formed  when  the  canal  was  dug.  Logs  had  been  laid 
as  a  base  and  the  excavated  earth  thrown  on  them. 
Perkins  found  the  canal  traffic  fascinating.  Going 
north  were  lighters  carrying  lumber  and  others  car¬ 
ried  flour  and  dairy  products  south  from  Norfolk. 
The  flatboats  were  propelled  by  Negroes  walking  on 
the  banks.  Other  slaves  were  deep  in  the  swamp  cut¬ 
ting  timber.  They  had  been  sent  there  with  overseers 
and  several  months  supplies.  Although  there  were 
known  to  be  bears  in  the  swamp,  Perkins  was  much 
more  concerned  about  runaway  slaves.  He  noted  that 
“Travelling  here  without  pistols  is  considered  very 
dangerous  owing  to  the  great  number  of  runaway 
negroes.  They  conceal  themselves  in  the  woods  & 
swamps  by  day  and  frequently  plunder  by  night 

9?36 

There  had  been  no  direct  federal  involvement  in 
the  canal  project  prior  to  1816  although  Albert  Galla¬ 
tin  had  been  interested  in  it  as  early  as  1808. 37  In 
1816,  Major  Kearney  was  sent  to  make  a  survey  of 
the  canal.  His  report  to  Congress  perhaps  stimulated 
the  government  to  include  the  canal  in  its  overall  plan 
of  “internal  communication.”38  Federal  interest  was 
amply  demonstrated  in  1818  by  a  visit  of  President 


James  Monroe.  Accompanied  by  several  members  of 
his  cabinet,  including  Secretary  of  War  Calhoun  and 
Secretary  of  the  Navy  Crowninshield,  Generals  Swift 
and  Bernard,  Colonel  McRee  of  the  Engineer  Corps, 
and  others,  he  travelled  through  the  canal  to  Eliza¬ 
beth  City  and  visited  Lake  Drummond.  Rumors  that 
the  President  had  fallen  overboard  proved  unfounded 
although  one  or  more  passengers  on  another  boat  did 
do  so  when  their  boat  passed  over  a  log.39 

The  federal  government  became  the  largest  single 
stockholder  of  the  Dismal  Swamp  Canal  Company  in 
1826  with  the  purchase  of  six  hundred  of  the  out¬ 
standing  1240  shares.  An  additional  two  hundred 
shares  were  purchased  in  1829. 40  In  1826,  Colonel 
Gratiot,  chief  engineer  at  Old  Point  Comfort,  accom¬ 
panied  by  three  West  Point  cadets,  spent  a  week 
making  a  survey  and  detailed  study  of  the  canal. 
Among  other  things  determined  by  their  study  was 
the  exact  elevation  (4.7  feet)  of  Lake  Drummond 
above  the  surface  of  the  canal.  Armed  with  maps  of 
the  area,  Gratiot  reported  his  findings  to  the  Secre¬ 
tary  of  War.  He  made  a  number  of  recommendations 
for  the  improvement  of  both  locks  and  canal.  These 
were  gradually  carried  out  in  subsequent  years  to  the 
considerable  improvement  in  the  use  of  the  canal.41 

The  canal  continued  to  attract  visiting  dignitaries. 
In  1826  Governor  John  Tyler  of  Virginia,  with  a 
party,  was  conducted  on  a  tour  by  the  company 
directors.42  Three  years  later  President  Andrew  Jack- 
son  was  the  honored  guest.  The  party  set  out  in 
carriages  for  the  canal  where  they  boarded  a  barge 
sent  from  the  Gosport  Navy  Yard.  Six  miles  down 
the  canal  they  landed  on  the  bank  where  “a  collation 
was  immediately  spread  on  the  table  made  of  cypress 
shingles  .  .  .  The  President  .  .  .  and  the  other  gentle¬ 
men  were  each  provided  with  a  clean  shingle  which 
answered  for  a  plate.  The  servants  handed  around  the 
slices  of  Virginia  ham,  smoked  beef  and  tongues  .  .  .” 
Jackson  said  it  reminded  him  of  the  days  when  he  had 
eaten  on  a  log  in  the  forest.43 

Life  was  becoming  easier  for  the  traveller,  whether 
on  business  or  pleasure.  By  1820,  a  stage  coach  left 
Norfolk  every  Tuesday  and  Lriday  morning  immedi¬ 
ately  after  the  arrival  of  the  Baltimore  steam  boats.  It 
went  by  way  of  the  swamp  road,  reaching  Elizbeth 
City  the  same  day.  Steamboats  there  left  for  Edenton, 
Plymouth  and  Williamston,  where  stages  went  to  Fa¬ 
yetteville  and  Raleigh.  Return  trips  were  available 
Wednesday  and  Sunday  evenings.44  In  1829,  a  trav¬ 
eller  who  accompanied  a  canal  company  director  re¬ 
ported  that  “Those  who  have  not  taken  a  ride  on  the 
banks  of  the  canal  for  the  last  three  or  four  years  have 
an  enviable  treat  in  store.”  The  writer  had  been  tre¬ 
mendously  impressed  at  the  magnitude  of  the  work 
accomplished  in  the  last  few  years  and  was  astonished 
that  so  few  Norfolk  people  had  seen  it: 

The  basin  at  Deep  creek  is  a  beautiful  sheet  of 

water  half  a  mile  in  length  and  fifteen  feet  above 

the  level  of  tide  water:  the  locks  constructed  of 
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stone  in  the  best  style  of  workmanship.  For  nearly 
two  miles  the  left  bank  is  piled  up  with  cypress  and 
juniper  shingles,  pales,  and  other  lumber,  the  stores 
of  the  contiguous  swamp.  We  were  fortunate  in 
passing  along  the  banks  when  a  larger  number  of 
vessels  than  usual  were  on  the  canal;  it  was  a  cheer¬ 
ing  sight.  Eight  of  these  schooners  and  sloops  of 
from  30  to  50  tons,  belonging  to  the  adjoining 
district  in  North  Carolina,  and  were  employed  in 
the  transportation  of  lumber  to  the  northern  mar¬ 
ket — formerly  by  the  tedious,  hazardous  and  ex¬ 
pensive  sea  route  .  .  .  Three  of  these  vessels  were 
returning  from  Baltimore  and  Alexandria;  the  re¬ 
mainder  were  bound  for  those  ports,  unless  they 


could  find  purchasers  in  Norfolk.  Two  of  the  trans¬ 
portation  company’s  boats  were  at  the  same  time, 
descending  the  canal,  with  produce  from  Roanoke. 
The  advantage  of  the  canal  to  the  eastern  section  of 
North  Carolina  is  immense  .  .  . 

We  pursued  our  journey  along  the  canal  11 
miles,  over  a  road  that  McAdam  himself  could  not 
improve,  when  we  came  to  the  junction  of  the 
North  West  canal,  the  cutting  of  which  is  in  active 
progress  .  .  .  There  are  now  240  hands  employed  on 
this.45 


«  Niles  Weekly  (reprinted  from  Norfolk  Herald ),  p.  245,  1829. 


V 


As  the  Canal  Company  was  enjoying  the  fruits  of 
the  success  of  its  dream,  the  Land  Company  was 
suffering  from  internal  problems.  The  entire  picture  is 
not  clear  but  it  probably  began  during  the  early  years 
of  the  Company’s  operations  with  failure  to  establish 
sound  business  practices  in  the  handling  of  Company 
funds.  Our  knowledge  of  it  today  comes  from  the 
records  of  a  legal  action  brought  by  the  Company  in 
1824  against  Thomas  Griffin  of  York,  not  only  a 
member  of  the  Company  but  its  president  for  two 
years  past.1  He  was  not  an  original  member,  but 
probably  had  acquired  by  inheritance  or  purchase  a 
part  of  the  share  originally  held  by  Dr.  Thomas 
Walker.  Two  former  members  were  also  involved, 
John  Jameson  and  Alexander  McCauley  (McCaw- 
ley).  Jameson  had  acquired  a  portion  of  the  share 
originally  held  by  Samuel  Gist  and  was  company 
manager  for  a  time.  Between  1793  and  1797,  McCau¬ 
ley,  both  a  member  and  a  director  of  the  Company, 
had,  with  the  consent  of  Jameson,  also  a  member  and 
director,  “received  and  applied  to  his  own  use  at 
different  times  large  sums  of  money  which  with  the 
interest  amounted  in  the  month  of  November  1797  to 
the  sum  of  $13,395.69  with  interest  on  the  several 
items  from  their  respective  dates  .  .  There  seem¬ 
ingly  was  no  intention  to  defraud  the  Company  but 
unfortunately  “McCawley  becoming  embarrassed  he 
executed  to  Thomas  Griffin  &  Thomas  Nelson  of 
York  a  trust  deed  conveying  an  immense  prop¬ 
erty  .  .  .”  This  deed  was  intended  to  secure  the  inter¬ 
ests  of  three  persons  to  whom  he  was  indebted:  Dr. 
Corbin  Griffin,  £2,000;  Francis  Jordan  (Jerdone) 
£3,000;  and  John  Jameson,  £5,000.  The  property  was 
indeed  immense,  including  land  in  Warwick  County, 
lots  in  Norfolk,  a  half  interest  in  land  in  Norfolk 
County,  slaves,  livestock,  crops,  furniture,  silver  and 
“One  ship  called  the  Charles  Carter  with  all  her  Takle 
apparel  and  furniture  and  One  Brig  called  the  Helen 
together  with  all  her  takle  apparel  and  furniture  and 
One  Sloop  called  the  John  together  with  her  take  [sic] 
apparel  and  furniture  and  Ten  Shears  [j/c]  in  the 
dismal  Swamp  Canal  Company  and  one  half  Share  in 
the  dismal  Swamp  Land  Company  .  .  .” 

The  Land  Company  was  contending  in  its  suit  that 
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it  had  been  McCauley’s  intention  “to  secure  to  the 
members  of  the  said  Company  thro’  their  Director 
John  Jameson  the  sum  of  money  due  to  them,  and 
that  in  fact  the  £5000  was  intended  to  cover  the  same 
&  a  small  debt  due  to  John  Jameson  individ¬ 
ually  .  .  Rather  ample  evidence  was  presented  to 
show  that  this  was  the  case.  Corbin  Griffin  and  John 
Jameson  had  apparently  received  their  money. 
Francis  Jerdone  had  assigned  any  debt  due  him  to 
McCauley’s  widow,  Elizabeth.  Only  the  Land  Com¬ 
pany  had  been  unpaid.  The  Company  further  claimed 
that  “All  parties  have  tacitly  acknowledged  the  claim 
of  the  Company  thro’  Jameson  .  .  .  and  the  Trustee 
himself  a  member  of  the  Company  not  only  in  the  full 
knowledge  of  these  facts  but  himself  pretending  as 
their  president  for  two  years  past  to  promote  their 
interests  in  this  respect  under  false  promises  (which 
will  be  hereafter  stated)  induced  them  to  believe  until 
lately  that  a  large  portion  of  the  balance  due  the 
Company  would  be  paid  by  him  out  of  funds  still 
held  by  him  as  trustee.” 

Griffin  was  charged  with  a  variety  of  sins  by  the 
Company  including  “gross  negligence  and  mis¬ 
management  in  relation  to”  his  duties  as  trustee; 
“failure  to  use  due  diligence”  in  collecting  debts  due 
McCauley;  allowing  “property  to  waste  and  decay;” 
failure  to  pay  money  collected  to  McCauley’s  credi¬ 
tors;  paying  himself  (as  administrator  for  Corbin’s 
Griffin’s  estate)  “more  than  he  was  properly  entitled 
to;”  and  deceiving  the  Land  Company  with  regard  to 
$5,000  paid  by  France  for  a  ship  of  McCauley’s 
which  had  been  captured  by  the  French.  Griffin  had 
added  insult  to  injury  by  asking  that  the  Company 
become  his  “security  to  the  Government”  in  order  to 
obtain  the  money  from  France  to  apply  to  the  Com¬ 
pany’s  debt.  The  Company  did  so  and  then  “all  of  a 
sudden  he  decided  that  he  is  entitled  to  it  himself  & 
forfeited  his  solemn  promise  to  the  Company.”  To 
further  complicate  matters,  Robert  Anderson,  of 
Williamsburg,  administrator  of  McCauley’s  estate 
had  convinced  McCauley’s  widow  that  she  was  enti¬ 
tled  to  the  money  from  France  and  was  further  con¬ 
tending  that  all  money  in  Griffin’s  possession  and  all 
debts  due  McCauley  should  be  paid  to  Anderson. 
Unfortunately  the  outcome  of  all  of  this  litigation  is 
not  known,  but  it  gives  some  insight  into  the  affairs  of 
the  Land  Company. 

The  Land  Company  could  well  have  used  the 
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money  due  it  from  McCauley.  They  had  found  their 
agricultural  efforts  unprofitable  and  had  leased  their 
“Old  Dismal  Swamp  Plantation”  in  1813. 2  In  1818 
they  had  sold  twenty-five  of  the  shares  they  held  in 
the  Canal  Company  in  order  to  raise  funds  for  the 
purchase  of  slaves  for  use  in  shingle  cutting.3  Hiring 
slaves  for  the  purpose  had  become  unprofitable.  The 
Company  needed  something  to  revitalize  it  and  fortu¬ 
nately  it  came  with  the  completion  of  the  Canal.  The 
lumber  business  revived  and  the  Land  Company 
prospered  for  a  time. 

When  the  canal  finally  became  a  fully  developed 
and  functioning  link  between  the  waterways  of  the 
two  states,  a  third  commercial  undertaking  arose  in¬ 
volving  the  Great  Dismal  and  played  a  part  in  its 
history.  This  was  the  Virginia  and  North  Carolina 
Transportation  Company.  This  was  a  stock  company 
organized  in  1829.  Its  first  president  was  George 
Newton,  apparently  the  same  George  Newton  who 
was  president  of  the  Canal  Company.  Advertise¬ 
ments  seeking  freight  to  North  Carolina  towns  ap¬ 
peared  in  the  Norfolk  papers.  These  bore  the  name  of 
Robert  Soutter,  perhaps  the  business  manager  of  the 
Company.  The  digging  of  the  canal  had  been  justified 
in  terms  of  the  contribution  it  would  make  to  com¬ 
merce  and  trade  between  the  states,  and  the  Trans¬ 
portation  Company  intended  to  take  full  advantage 
of  the  predicted  expansion.4  Some  idea  of  the  poten¬ 
tial  may  be  gained  from  a  summary  of  the  canal 
traffic  for  the  period  of  May  15  to  May  29  of  that 
year: 

18  lighters  with  shingles  and  staves 
12  rafts  of  timber  and  spars 

5  schooners  and  2  sloops  from  Norfolk  to 
Edenton 

2  sloops  and  a  schooner  for  Norfolk 

8  schooners  for  Beaufort 

2  sloops  and  a  schooner  for  Currituck 

3  schooners  from  Weldon  and  2  for  it.5 

All  of  this  prospective  trade  stimulated  the  ship¬ 
building  business  in  the  area.  The  Transportation 
Company  promptly  placed  orders  for  eight  boats  de¬ 
signed  for  use  on  the  canal.  These  were  “schooner 
rigged”  barges.  The  Company  also  purchased  several 
others.  This  was,  of  course,  in  the  early  period  of  the 
use  of  steam  engines  in  vessels  and  they  were  just 
what  the  Company  needed.  They  were  already  in  use 
in  a  limited  way  in  the  area.  The  first  one  acquired  by 
the  Transportation  Company  was  the  Petersburg.  She 
had  been  built  in  New  York  and  was  operating  be¬ 
tween  Petersburg  and  Norfolk.  When  purchased  by 
the  Transportation  Company  she  was  sent  to  Albe¬ 
marle  Sound  to  serve  as  a  tow  boat  for  the  Com¬ 
pany’s  barges.  Although  rather  large  for  the  purpose, 
she  was  used  for  several  years  there  before  being 
replaced  by  a  smaller  craft.6 

As  shipping  increased  on  the  canal  there  was  in¬ 


creased  propensity  for  the  towns  at  either  end.  Some 
of  the  additional  business  brought  with  it  predictable 
problems.  More  liquor  was  sold  at  the  taverns  and 
more  brawling  and  carousing  followed.7  Some  resi¬ 
dents  of  North  Carolina  continued  to  view  the  whole 
canal  enterprise  with  a  jaundiced  eye.  A  controversy 
arose  over  the  proposal  to  remove  a  bridge  below  Old 
Lebanon  which  would  obstruct  masted  vessels  on  the 
canal  but  the  legislature  did  order  its  removal.8  One 
Carolinian  noted  that  the  canal  had  “barely  struggled 
on  for  many  years  .  .  .  utterly  unprofitable  to  the  cor¬ 
poration,  useless  to  the  public  and  as  sluggish  as  the 
dismal  pools  of  its  own  swamp,”  but  he  conceded 
that  it  was  at  last  “giving  promise  of  public  utility.”9 

The  concern  of  some  Carolinians  about  the  canal 
was  not  limited  to  the  fact  that  Virginia  reaped 
greater  benefit  from  increased  commerce.  They  were 
worried  about  ecological  effects  of  changes  in  the 
drainage  patterns  in  the  swamp.  The  canal  was 
blamed  for  changes  which  were  occurring  in  Curri¬ 
tuck  Sound.  The  Sound  had  been  connected  by  a 
narrow  inlet  with  the  sea.  It  gradually  filled  with  sand 
bars  and  finally  closed  altogether.  This,  too,  had  pro¬ 
found  ecological  effects.  The  waters  of  the  Sound 
shifted  from  salt  to  fresh,  with  consequent  destruc¬ 
tion  of  oyster  beds  and  salt  water  fishing.  Whether 
this  was  triggered  by  changes  related  to  the  canal,  or 
merely  came  about  through  changes  in  the  ocean 
currents  is  not  known,  but  many  Carolinians  blamed 
it  on  the  canal.10 

The  Great  Dismal  has  suffered  from  periodic  fires 
over  the  years.  The  most  famous  one  appears  to  have 
been  that  of  1806.  Edmund  Ruffin  had  a  firsthand 
account  of  the  damage  from  Toby  Fisher,  a  shingler. 
Thirty  to  fifty  thousand  shingles  were  destroyed.  A 
great  many  had  been  thrown  in  the  canal  to  preserve 
them  but  the  heat  from  the  top  shingles  burning  dried 
ones  underneath,  which  rose  and  were  consumed  as 
well.  The  earth  burned  to  a  depth  of  two  feet.  Ruffin 
conjectured  that  such  a  fire  might  have  been  respon¬ 
sible  for  Lake  Drummond  since  charred  stumps 
could  be  found  on  its  bottom.11  An  especially  severe 
fire  occurred  in  1839.  Ruffin  had  visited  the  swamp 
both  before  and  after  this  fire.  On  his  first  trip  he 
described  the  swamp  as  he  found  it  in  1836:  “The 
swamp  forests,  where  preserving  their  original  ap¬ 
pearance  .  .  .  present  scenery  of  solemn  grandeur  and 
of  rare  and  peculiar  beauty.  The  forests  of  Gum  and 
Cypress  have  not  been  much  damaged  by  fires,  or  by 
the  labors  or  improvements  of  man — and  the  trees 
usually  remain  of  their  proper  great  sizes,  and  vener¬ 
able  appearance,  closely  shading  the  wet,  black  and 
level  soil.  The  Junipers  do  not  grow  large.”  Later  he 
added:  “Some  years  after  my  first  visit,  in  a  time  of 
unusual  drought,  another  such  devastating  fire  swept 
over  nearly  all  the  swamp,  and  destroyed  the  trees 
and  also  the  soil  for  a  foot  or  more  in  depth  .  .  .  The 
Jericho  canal  passes  for  five  or  six  miles  through  this 
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scene  of  former  remarkable  beauty,  and  of  as  remark¬ 
able  subsequent  desolation.”  He  described  the 
burned  over  area  as  being  covered  by  “a  dense  and 
scarcely  penetrable  thicket  of  bushes,  shrubs,  briars 
and  creeping  vines,  of  different  aquatic  species,  scat¬ 
tered  among  which  are  numerous  young  junipers  of 
but  a  few  feet  in  height.”12  Fires  were  not  the  only 
hazards  to  navigation.  Winter  weather  at  times  be¬ 
came  a  problem.  The  winter  of  1832  was  particularly 
bad  with  navigation  on  the  canal  interrupted  by  ice 
for  one  thirty-two  day  stretch,  another  of  twenty-two 
days  and  a  third  of  ten  days.13 

It  is  surprising  that  Ruffin  on  his  first  visit  found 
the  swamp  not  much  damaged  by  man’s  activities  for 
there  had  been  intensive  lumbering  operations  in  it 
for  many  years  at  that  time.  So  much  so,  in  fact,  that 
on  June  30,  1836,  Colonel  Joseph  Halladay,  manager 
for  the  Land  Company,  reported  to  Dr.  Robert  But¬ 
ler,  of  Suffolk,  the  president:  “The  timber  is  becom¬ 
ing  so  scarce,  it  is  impossible  to  supply  the  demand.” 
Again,  on  August  thirty-first  of  the  same  year,  he 
wrote:  “Timber  for  best  quality  shingles  is  ex¬ 
hausted.”14 

Halladay’s  reports  for  this  period  reveal  another 
venture  of  the  Land  Company.  On  May  1,  1839,  he 
wrote:  “I  am  pleased  to  inform  you  that  the  crop  of 
Mulberry  Trees  is  quite  promising — the  cuttings  will 
average  at  this  time  upwards  of  three  feet  and  the 
roots  more  than  five.  By  the  process  of  turning  down 
the  sprouts,  I  shall  be  enabled  to  propagate  500  or 
1,000  more,  which  will  make  the  number  about  15  or 
16,000  trees.”  They  had  planted  in  March  21,500 
cuttings  and  624  young  trees.  The  Land  Company 
was  not  contemplating  reforestation  of  the  swamp 
but  they  had  been  caught  up  in  a  craze  then  sweeping 
the  country  for  the  raising  of  silk  worms  and  Mul¬ 
berry  leaves  on  which  to  feed  them.  By  June  pros¬ 
pects  looked  less  bright.  Halladay  reported  a  great 
failure  in  Mulberry  cuttings  in  “this  section.”  Some 
people  had  lost  their  entire  crop  and  he  did  not  think 
that  the  Land  Company  would  have  more  than  a 
third  of  what  he  had  expected.  In  July  he  was  more 
cheerful,  reporting  that  nine  to  ten  thousand  “ Moms 
multicaulis ”  trees  looked  promising.  By  September  a 
new  problem  had  arisen.  He  wrote:  “I  find  the  Morus 
multicaulis  speculators  are  somewhat  alarmed — 
quantities  of  trees  are  offered  for  sale,  but  very  few 
purchasers — I  see  in  the  last  Whig  a  flattering  amt  of 
sales  being  made  to  some  amt  in  Buckingham  for  2 
cts  per  bud — which  is  much  better  than  could  be 
expected  under  the  circumstances.”  For  several 
months  thereafter  he  reported  no  sales  or  offers  for 
the  Mulberry  trees  and  requested  instructions,  and 
then  the  subject  was  dropped.15 

Halladay’s  reports  to  the  President  also  mentioned 
another  serious  problem  of  the  Land  Company  at 
this  period.  On  June  1,  1836  he  wrote  to  Dr.  Butler 
that  he  was  troubled  by  the  settlement  of  a  suit  in¬ 


volving  the  Company  in  favor  of  their  opponent  Rey¬ 
nolds.  He  recommended  that  they  make  every  effort 
to  avoid  suits  by  compromise  when  possible,  because 
he  feared  it  had,  or  might  become,  a  local  practice  to 
find  against  the  Company  in  suits.  He  noted  that 
“there  are  so  many  lines  run,  and  by  different  surve¬ 
yors,  and  so  many  trees  marked,  it  is  impossible  to 
make  them  believe  that  any  line,  however  correct,  is 
the  right  one.”  This  problem  of  poor  public  relations 
had  also  been  brought  up  by  Willis  Cowper  the  pre¬ 
vious  November  when  he  had  written  to  Dr.  Butler 
recommending  Halladay  to  replace  Dr.  Shepherd 
who  had  resigned  as  manager.  He  told  Butler  that 
Halladay  was  the  most  popular  man  in  the  county 
and  that  he  would  be  able  to  counteract  the  unfortu¬ 
nate  and  unjustified  prejudice  against  the  Company 
which  prevailed  in  the  county.16 

The  Land  Company’s  sales  of  lumber  naturally 
fluctuated  considerably  from  quarter  to  quarter  and 
year  to  year,  but  on  the  whole  their  income  was 
substantial,  at  least  in  the  1 830’s.  Halladay’s  reports 
of  gross  income  ranged  from  a  low  of  $4,521.28  to  a 
high  of  $12,123.21  per  quarter.  Although  the  Com¬ 
pany  may  have  paid  no  dividends  for  a  number  of 
years,  it  was  now  doing  very  well  in  this  respect.  A 
full  share  in  1835  received  a  dividend  of  $1480. 17  The 
stock  became  increasingly  widely  held  as  share¬ 
holders  died  and  bequeathed  fractions  of  shares  to 
their  heirs.  An  interesting  case  in  point  was  the  “one 
thirteenth  of  a  quarter  share”  acquired  by  the  Society 
of  Shakers,  through  the  will  of  William  S.  Byrd.18 

Although  Colonel  Gratiot  had  made  suggestions  in 
1826  for  the  improvement  of  navigation  through  the 
canal,  the  federal  government  appeared  to  lose  inter¬ 
est  in  the  idea  for  a  decade.  In  1836  an  appropriation 
of  $15,000  (later  increased  to  $25,000)  was  made  for 
the  improvement  of  internal  waterways.  It  was  hoped 
to  establish  interior  steam  navigation  on  a  practical 
basis  between  Charleston,  South  Carolina,  and  the 
Chesapeake  Bay.  New  surveys  were  made  and  it  was 
agreed  that  improvements  were  necessary  at  both 
ends  of  the  canal.  Virginia  and  the  federal  govern¬ 
ment  agreed  to  share  the  cost  of  changes  at  the  Deep 
Creek  end.  Vessels  leaving  the  canal  at  this  end  en¬ 
countered  long  delays  in  entering  deep  enough  water 
in  the  Deep  Creek  end  of  Elizabeth  River.  The  new 
canal  and  lock  proposed  would  put  them  in  deep 
water  of  the  River  within  two  hours.19  New  locks 
were  to  be  built  at  Gilmerton,  to  be  paid  for  by  the 
federal  government,  and  a  new  canal  would  be  dug 
connecting  them  with  the  old  locks  two  and  a  quarter 
miles  away.  This  would  also  require  the  construction 
of  a  dam  and  spillway  across  Deep  Creek  near  the  old 
locks.  All  of  these  changes  were  undertaken,  and  they 
were  completed  in  1843. 20 

Changes  were  equally  needed  at  the  southern  end 
of  the  canal.  The  meandering  of  Joyce’s  Creek  be¬ 
tween  the  canal  and  the  Pasquotank  had  well  earned 
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the  title  of  the  Moccasin  Track.  This  was  the  slowest 
and  most  difficult  part  of  the  entire  passage  between 
the  Elizabeth  River  and  the  Pasquotank.21  The  solu- 
tion  seemed  to  be  a  new  straight  canal  from  South 
Mills  to  the  Pasquotank.  This  was  estimated  to  be 
three  and  one  half  miles,  rather  than  the  seven  by  the 
existing  creek.  When  actually  completed  in  1856, 
Turner’s  Cut,  as  it  came  to  be  known,  was  actually 
four  and  two  tenths  miles.  The  addition  of  the  Gil- 
merton  Cut  and  Turner’s  Cut  to  the  canal  increased 
its  total  length  to  twenty-nine  miles.22 

With  all  the  travellers  and  visitors  through  the 
Dismal  it  was  inevitable  that  Major  Farange’s  hos¬ 
telry  would  prove  inadequate.  On  Christmas  Day, 
1829,  Isaiah  Rogerson  announced  the  opening  of  his 
“House  of  Entertainment.”23  It  was  situated  halfway 
between  Norfolk  and  Elizabeth  City.  Although 
named  the  Lake  Drummond  Hotel,  it  was  known  as 
the  Halfway  House  within  months.  “Large  and  com¬ 
modious,”  it  was  128  feet  long,  with  eight  private 
rooms,  each  with  a  fireplace.  Rogerson  claimed  that 
his  table  was  well  supplied  by  nearby  markets,24  al¬ 
though  travellers  sometimes  described  the  fare  as 
simple  hominy  and  bacon.25  This  may  explain  the 
modest  prices:  50 <£  for  dinner,  $1  for  board  and  lodg¬ 
ing,  with  a  monthly  rate  of  $18. 26  The  lake  water 
served  was  a  principal  attraction.  A  pale  red  in  color, 
it  was  purported  to  be  very  healthy  and  was  even 
advertised  as  a  specialty  by  the  Hygeia  House  in 
Portsmouth.27  For  many  years  it  had  been  used  on 
sailing  vessels  because  of  its  tendency  to  stay  fresh.28 
The  horses  of  Rogerson’s  patrons  were  well  provided 
for,  with  a  carriage  house,  “good  provender”  and 
“careful  ostlers.”  The  hotel  even  promised  boats  for 
those  wishing  to  visit  Lake  Drummond.  This  proved 
popular  and  invalids  spent  the  summer  at  the  hotel  in 
order  to  take  advantage  of  the  medicinal  qualities  of 
the  lake  water. 

There  was  another  interesting  feature  of  the  hotel. 
It  had  been  built  on  the  boundary  line,  thus  was  half 
in  Virginia  and  half  in  North  Carolina.  Because  of 
the  stringency  of  Virginia  marriage  laws,  this  was  a 
great  drawing  card  for  her  citizens  “affording  a  con¬ 
venient  resort  for  matrimonial  excursions  to  those 
whose  impatience  is  too  great  for  them  to  journey  on 
to  our  old  friend  Major  Farange’s,  (the  original 
Gretna  Green  of  Lower  Virginia)  about  four  miles 
farther.”29  The  hotel  was  equally  popular  as  a  spot 
for  duels  since  one  could  easily  step  over  the  state 
line.30 

A  Norfolk  artist,  Thomas  Williamson,  visited  the 
Hotel  Drummond  and  made  a  sketch  of  it,  showing 
the  canal  on  which  rode  the  stern-wheeler,  Lady  of 

21  See  bitter  letter  to  the  editor  of  the  Herald  (Norfolk  and  Portsmouth)  14 
May  1845,  quoted  in  Emmerson,  “Canal.” 

22  Brown,  Canal,  p.  91. 

23  Herald  (Norfolk  and  Portsmouth)  25  December  1829,  cited  in  John  C. 
Emmerson,  Jr.,  Comp.,  Steam  Navigation  in  Virginia  and  Northeastern 
North  Carolina  Waters  1826-1836  (Portsmouth,  1949). 
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the  Lake,  a  sloop  and  “a  transportation  boat.”  The 
drawing  was  lithographed  by  a  Boston  firm  and  sold 
by  A.  C.  Hall  of  Norfolk.31  The  prints  proved  popu¬ 
lar  and  were  even  reproduced  on  paper  money  from 
1838  to  1861.  These  were  notes  in  small  denomina¬ 
tions  issued  by  various  banks  in  Alabama,  Delaware, 
Indiana,  New  Jersey,  New  York  and  Virginia.32 
When  the  original  owner  died  within  months  of  the 
hotel’s  opening,  Daniel  Rogerson  rented  it.  He  an¬ 
nounced  that  “The  Bar  will  be  furnished  with  the 
choicest  wines  and  liquors  of  every  description  and 
the  table  supplied  with  all  the  delicacies  the  Norfolk 
market  affords.  Pleasure  parties  of  every  description 
will  be  freely  accomodated.”  He  hastened  to  add  that 
he  would  “spare  no  pains  to  make  the  establishment 
equal  in  respectability  and  comfort  to  any  other  of 
the  kind  in  the  United  States  .  .  ,”33  This  innkeeper 
disappeared  and  the  hotel  was  sold  to  Amalek  Wil¬ 
liams  around  1831.  His  brother-in-law  took  it  over  in 
1834.  It  was  still  in  business  in  1859  when  Edward  C. 
Bruce  travelled  from  Richmond  to  Norfolk  and 
down  the  new  canal  to  Elizabeth  City  in  the  Calypso. 
On  his  return  by  the  daily  coach  he  visited  the  hotel 
and  was  amused  that  “The  landlord  lives  and  votes  in 
the  Tar  State.  His  guests  are  entertained  in  the  Old 
Dominion.  The  place  is  a  famous  matrimonial  ren¬ 
dezvous.”34 

With  the  barges  and  steamboats  on  the  canal  there 
was  now  an  easily  accessible  highway  to  the  northern 
markets.  Not  only  did  the  Land  Company  flourish 
but  many  other  lumber  companies  as  well  as  private 
individuals.  Throughout  the  swamp,  usually  on  small 
feeder  canals,  were  the  camps  of  the  shingle  cutters. 
In  1836,  Edmund  Ruffin  described  them  vividly: 

Their  houses  or  shanties,  are  barely  wide  enough 
for  five  or  six  men  to  be  in,  closely  packed  side  by 
side — their  heads  to  the  back  wall  and  their  feet 
stretched  to  the  open  front,  close  by  a  fire  kept 
through  the  night.  The  roof  is  sloping,  to  shed  the 
rain,  and  where  highest,  not  above  four  feet  from 
the  floor.  Of  the  shavings  made  in  smoothing  the 
shingles,  the  thinnest  make  a  bed  for  the  laborers, 
and  the  balance  form  the  only  dry  and  solid  foun¬ 
dation  for  their  house,  and  their  homestead  or 
working  yard.  Yet  they  live  plentifully,  and  are 
pleased  with  their  employment — and  the  main  ob¬ 
jection  to  it  with  their  masters  (they  being  generally 
slaves)  and  the  community,  is  that  the  laborers 
have  too  much  leisure  time,  and  of  course  spend  it 
improperly.  Their  heavy  labors  for  the  week  are 
generally  finished  in  five,  and  often  in  four  days — 
and  then  the  remainder  of  the  week  is  spent  out  of 
the  swamp,  and  given  to  idleness,  and  by  many  to 
drunkeness.  All  the  work  is  done  by  tasks:  and  the 
employers  have  nothing  to  do  except  to  pay  for  the 
labor  executed.  About  500  men  are  thus  employed 
in  the  whole  swamp,  by  the  Land  Company,  and 
by  numerous  individual  land  owners.  With  all  their 


162 


The  Virginia  Journal  of  Science 


exposure,  the  laborers  are  remarkably  healthy,  and 
almost  entirely  free  from  the  autumnal  fevers  that 
so  severely  scourge  all  the  surrounding  country.35 

After  many  long  years  of  effort,  the  Dismal 
Swamp  Canal  was  at  last  in  very  good  shape  for 
handling  shipping,  and  was  doing  a  very  good  busi¬ 
ness.  Unfortunately,  its  success  carried  with  it  the 
basis  for  its  undoing.  Having  demonstrated  con¬ 
vincingly  that  canals  in  the  area  could  be  sound  and 
profitable  undertakings,  even  under  very  difficult  cir¬ 
cumstances,  its  promoters  inspired  competition.  Ru¬ 
mors  began  to  circulate  of  a  proposed  new  and 
shorter  canal.  They  ceased  to  be  mere  rumor  with  an 
actual  survey  of  the  proposed  route  by  Claudius  Cro- 
zet  in  1840.  Work  was  not  commenced  at  this  time 
and,  in  1850,  a  second  survey  was  made  by  G.  P. 
Worcester.  Finally,  in  1856,  there  was  action  and  in 
three  years’  time  the  work  was  complete.  The  route 
was  an  obvious  one,  as  a  study  of  a  map  will  show.  It 
simply  connects  the  Elizabeth  River  with  Currituck 
Sound  by  the  most  direct  route  practicable.  This  re¬ 
quired  an  eight  and  a  half  mile  canal  from  Great 
Bridge  to  N.  Landing  River  and  dredging  of  the  river. 
Only  one  lock  was  needed — at  Great  Bridge — and 
this  primarily  to  protect  the  canal  from  injury  by 
tides.  The  objectives  of  the  Albemarle  and  Chesa¬ 
peake  Canal  were  different  from  those  of  the  Dismal 
Swamp  Canal.  It  was  intended  solely  to  cater  to 
through  traffic  between  Virginia  and  Carolina  waters, 
and  could  avoid  the  problems  of  the  swamp  entirely. 
It  was  meant  to  accommodate  fairly  large  craft  and 
the  lock  at  Great  Bridge  was  designed  to  do  so.  It  was 
twice  as  long  as  any  on  the  old  canal  and  was  the 
largest  in  North  America  at  the  time.36 

The  history  of  the  various  locks  in  the  Dismal 
Swamp  Canal  has  been  well  dealt  with  by  others,  and 
can  only  be  touched  on  here.  Prior  to  the  construc¬ 
tion  of  the  Gilmerton  Cut  and  Turner’s  Cut,  the 
canal  had  five  elevated  levels.  A  vessel  going  south 
was  raised  at  Deep  Creek,  raised  again  at  Wilkins 
Lock  (3  miles),  at  Northwest  Locks  (7  miles)  and 
finally  at  Culpepper  Locks  (8.5  miles).  The  first  step 
down  was  at  Spences  Lock  (2.5  miles)  and  the  second 
and  last  at  South  Mills  Lock  (1  mile).  When  the  new 
cuts  were  made,  the  first  elevation  was  at  Gilmerton 
Lock.  Wilkins  Lock  and  Spences  Lock  were  elimi¬ 
nated,  so  the  canal  now  operated  with  four  elevated 
levels.  The  new  Albemarle  and  Chesapeake  Canal 
had  only  one  level.37  It  was  very  much  shorter  and 
easier  to  traverse  than  was  the  Great  Dismal  Canal, 
and  clearly  it  would  take  over  most  of  the  through 
traffic  from  the  older  canal. 

A  competitor  of  a  different  sort  had  been  in  the 
offing  for  some  time,  i.e.,  the  railroads.  Their  first 
invasion  of  the  Great  Dismal  began  with  the  Por¬ 
tsmouth  and  Roanoke  Railroad,  incorporated  in  Vir¬ 
ginia  on  March  8,  1832  and  in  North  Carolina  in 
1833,38  with  a  stock  of  $500, 000.39  It  was  to  run  from 


35  Ruffin,  Observations,"  Farmers  Register,  IV  (January,  1837),  518. 

36  Brown,  Canal,  p.  94. 
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39  Charles  Conrad  Wright,  “The  Development  of  Railroad  Transporta¬ 
tion  in  Virginia,”  Doctoral  dissertation.  University  of  Virginia,  1930,  p.  23. 

"Charles  W.  Turner,  “The  Early  Railroad  Movement  in  Virginia," 
Virginia  Magazine  of  History  and  Biography,  55  (October,  1947),  363. 


Portsmouth,  Virginia  to  Weldon,  North  Carolina,  a 
distance  of  seventy-nine  miles.  It  would  have  con¬ 
nections  with  the  steamboats  from  Norfolk  to  Balti¬ 
more.40  While  the  grade  was  almost  level  for  the 
whole  distance,  there  were  problems.  Lor  lack  of 
stone,  the  whole  superstructure  would  be  made  of 
wood,  which  had  to  be  renewed  every  six  years.41  The 
greatest  challenge  was  laying  five  miles  of  track 
through  the  Dismal  and  many  declared  that  it  was  an 
impossibility.  The  engineer  who  surveyed  this  part 
may  well  have  thought  so  for  he  told  Henry  Howe 
that  he  “found  it  so  formidable  a  labor  as  almost  to 
despair  of  success.  In  running  the  line,  his  feet  were 
pierced  by  the  sharp  stumps  of  cut  reeds;  he  was 
continually  liable  to  sink  ankle  or  knee  deep  into  a 
soft  muddy  ooze;  the  yellow  flies  and  moschetoes 
swarmed  in  myriads;  and  the  swamp  was  inhabited 
by  venemous  serpents  and  beasts  of  prey.”42 

In  spite  of  such  discouragement  the  contractor, 
Benjamin  B.  Reynolds,  advertised  for  two  hundred 
laborers  in  April,  1833.  They  would  be  paid  $10  a 
month  in  addition  to  their  board.  Slave  owners  would 
furnish  spade  or  shovel  or  be  responsible  for  any 
given  the  men.43  As  many  as  300  men,  30  carts  and  40 
horses  were  used  at  one  point.44  In  November,  a  ship 
arrived  in  Hampton  Roads,  bringing  three  hundred 
tons  of  iron  from  Liverpool.  Over  one  half  of  the 
stock  had  been  sold  locally  and  when  the  legislature 
authorized  the  purchase  of  the  remaining  two-fifths 
by  the  state  in  January,  there  were  great  celebrations 
in  Norfolk.45  The  tracks  were  laid  on  “longitudinal 
wooden  stringers  covered  with  2Vi  inch  by  one-half 
inch  strap  iron,  “with  a  gauge  of  4'8'/2.”46  When  the 
last  of  the  iron  was  laid  in  July,  1834,  the  first  train 
travelled  from  Portsmouth  to  Suffolk,  ignominiously 
drawn  by  horses.  The  locomotive,  John  Barnet,  was 
one  of  the  first  to  be  built  in  this  country  and  the  road 
was  finally  completed  to  Weldon  on  December  1, 
1836.  Lreight  was  carried  for  eight  cents  a  ton,  a  high 
price  when  compared  to  today’s  toll  of  one  and  a 
third  cents  over  the  same  road.47 

It  was  of  this  railroad  which  Sir  Charles  Lyell, 
noted  British  geologist,  wrote:  “The  railway  itself, 
when  traversing  the  Great  Dismal,  is  literally  higher 
than  when  on  land  some  miles  distant  on  either  side.” 
The  track  was,  as  he  said,  raised  six  to  seven  feet 
above  the  swamp  on  pilings.48  Its  construction  had 
indeed  been  very  difficult.  In  1843,  the  North  Carol¬ 
ina  portion  was  sold  because  of  financial  trouble  due 
to  competition,  and  three  years  later  the  Virginia  part 
was  sold  at  auction  and  became  the  Seaboard  and 
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Roanoke  Railroad  Company.  It  operated  under  this 
name  until  September  15,  1911,  when  the  company 
was  sold  to  the  Seaboard  Air  Line  Railway.49  On  July 
1 ,  1967,  the  Seaboard  merged  with  the  Atlantic  Coast 
Line  to  form  the  Seaboard  Coastline  Railroad  Com¬ 
pany. 

The  difficulty  of  construction  through  the  swamp 
encountered  by  the  Portsmouth  Railroad  did  not  dis¬ 
courage  still  another  venture  a  few  years  later.50  The 
day  of  the  railroad  had  arrived  and  there  were  a 
variety  of  developments.  In  1836,  the  General  Assem¬ 
bly  had  authorized  the  incorporation  of  the  City 
Point  Railroad  Company  to  construct  a  road  from 
City  Point,  at  the  junction  of  the  James  and  Appo¬ 
mattox  Rivers,  to  Petersburg  ten  miles  away.  There 
was  already  in  existence  the  Petersburg  Railroad  pro¬ 
viding  transport  into  North  Carolina  at  Blakely,  and 
the  Richmond,  Fredericksburg  and  Potomac  running 
north  from  Richmond.  The  James  River  was  navi¬ 
gable  up  to  City  Point.  The  James  River  Canal  from 
Richmond  to  Lynchburg  was  under  construction 
and,  in  1831,  the  Assembly  had  authorized  the  in¬ 
corporation  of  the  Lynchburg  &  New  River  Railroad 
Company  to  open  up  transportation  to  the  Kanawha 
and  the  Ohio  Rivers  leading  west.  It  seemed  obvious 
that  a  great  transport  network  was  underway.  Unfor¬ 
tunately,  financing  the  railroad  construction  pre¬ 
sented  problems.  In  1839,  the  Assembly  authorized 
the  incorporation  of  the  Virginia  and  Tennessee  Rail¬ 
road  Company  to  build  a  road  to  the  Tennessee  line. 
This  did  not  get  started  until  1850  and  was  not  in  use 
all  of  the  way  to  Bristol  until  1856.  While  it  was  being 
built  the  Southside  Railroad  came  into  existence, 
connecting  Petersburg  with  Lynchburg,  in  1854. 

Petersburg  was  rapidly  becoming  a  railroad  center 
of  some  importance  by  the  1850’s,  but  one  obviously 
desirable  connection  was  still  lacking.  This  was  a 
road  from  Petersburg  to  Norfolk  with  the  finest  natu¬ 
ral  harbor  on  the  east  coast.  In  1851,  the  Norfolk  and 
Petersburg  Railroad  was  chartered  to  fill  the  gap.  The 
Board  of  Directors  were  exceptionally  fortunate  in 
their  choice  of  a  construction  engineer  to  direct  the 
undertaking.  William  Mahone,  then  twenty-seven, 
was  a  Virginia  Military  Institute  graduate  with  some 
years  of  experience.  Not  only  did  he  build  the  road 
efficiently  but,  within  six  years,  he  became  its  presi¬ 
dent  and  subsequently  built  it  into  the  great  Norfolk 
and  Western  Railway.  To  carry  out  the  first  part  of 
this  program  he  had  to  construct  some  ten  miles  of 
track  across  the  Great  Dismal.  He  did  not  follow  the 
example  of  the  Portsmouth  and  Roanoke  Railroad 
and  elevate  the  track  on  pilings.  Instead,  he  cut  trees 
in  a  hundred  foot  wide  strip,  throwing  them  to  the 
center  and  thus  built  an  old  fashioned  corduroy  road 
on  which  to  pile  earth  to  form  the  roadbed.  He 
doubtless  had  opportunity  to  observe  that  this  me¬ 
thod  had  been  very  successful  for  wagon  roads  in  the 
swamp  since  the  submerged  logs  never  rotted.  He 
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could  scarcely  have  foreseen  how  long  his  roadbed 
would  hold  up.  It  is  today  the  roadbed  of  the  Norfolk 
and  Western  across  the  swamp  and,  according  to  its 
president,  Robert  H.  Smith,  “requires  astonishingly 
little  maintenance.” 

The  advent  of  the  railroads  tempted  more  visitors 
to  the  Great  Dismal.  Following  Lyell  came  a  man 
whose  articles  aroused  much  interest  among  prospec¬ 
tive  travellers.  He  was  Frederick  Law  Olmstead.  In 
1853-1854  he  wrote  a  series  of  articles  for  the  New 
York  Times,  describing  his  travels  through  the  south¬ 
ern  states.  He  was  fascinated  by  the  swamp  and 
found  that  there  were  even  more  lumber  cutters  than 
Ruffin  had  found  in  1836.  J.  Seguine  alone  had  one 
hundred  hands  and  Olmstead  reported  that  during  a 
recent  storm  he  had  more  than  $20,000  worth  of 
shingles  “afloat  between  the  outlet  of  the  swamps  and 
New-York.”  Swamp  land  varied  in  price  from  twelve 
and  a  half  cents  to  ten  dollars  an  acre,  depending 
upon  the  wood  on  it.51  Olmstead’s  picture  of  the 
shingle  cutters’  life  was  more  detailed  than  that  of 
Ruffin.  Most  of  the  laborers  were  slaves  hired  at  one 
hundred  dollars  a  year  from  their  masters.  There 
were  one  or  two  winter  months  which  were  too  wet 
for  work.  These  the  men  spent  at  their  own  slave 
quarters  where  they  were  allowed  to  pick  up  any  odd 
jobs  they  could  and  keep  the  money.  Around  the 
beginning  of  February,  the  gangs  went  to  the  court¬ 
house  where  they  were  examined,  registered  and 
given  passes  good  for  a  year.  Clothing  and  food  were 
issued,  to  be  charged  against  each  individual.  The 
gangs,  each  with  an  overseer,  went  deep  into  the 
swamp.  There  a  camp  was  made,  usually  where 
shingles  had  been  cut  as  it  offered  the  driest  spot. 
Except  for  the  overseer’s  daily  shingle  count,  little 
attention  was  paid  to  the  men  for  the  next  five 
months.  Each  was  responsible  for  his  own  work.  A 
few  were  in  charge  of  the  mules  used  to  transport  the 
shingles  to  the  schooners  in  the  canals.  Olmstead 
added,  “The  slave  is  not  in  the  meantime  driven  at  all; 
no  force  is  used  to  make  him  ‘work  smart.’  He  lives  as 
a  free  man;  having  the  liberty  of  the  swamp;  hunts 
‘coons,  fishes,  eats,  drinks,  smokes,  sleeps,  and  works 
according  to  his  own  will.”52 

The  only  requirement  was  that  his  work  was  suf¬ 
ficient  to  refund  the  six  months’  payment  to  his  mas¬ 
ter  as  well  as  the  money  expended  for  supplies.  Olms¬ 
tead  said  this  would  amount  to  about  $7.25  for 
clothing  and  $24.75  for  food.  Cutting  10,000  shingles 
the  man  would  be  credited  with  $100.  His  expenses 
thus  totalling  $81,  he  would  receive  $19  for  himself. 
This,  added  to  the  money  which  he  could  make  from 
animal  skins  would  allow  him  to  buy  a  dog,  or  his 
wife  a  dress  or  other  such  luxuries.  Some  even  saved 
their  money  to  buy  their  freedom.  Olmstead  learned 
of  one  slave,  so  valued  by  his  master  that  he  served  as 
cook  on  his  schooner  to  New  York.  With  his  saving 
he  was  able  to  buy  his  freedom  for  $500  and  sailed  to 
a  new  life  in  Liberia.  However,  the  majority  was 
seldom  so  provident  and  the  slave  was  far  more  apt  to 
go  on  a  colossal  binge.  After  vacation,  the  laborers 
again  returned  to  the  swamp.  If  their  work  was  satis¬ 
factory,  they  would  be  hired  year  after  year,  remain- 
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52  Ibid,  Number  Thirteen,  23  April  1853,  p.  2. 
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Fig.  4 — “Horse  Camp,”  by  Porte  Crayon,  from  Harper’s  New 
Monthly  Magazine,  September  1856. 

dogs  were  used  indiscriminately.  The  men  thus  en¬ 
gaged  were  known  as  drivers  and  appear  to  have  been 
quite  ruthless,  sometimes  shooting  the  slaves  when 
they  refused  to  stop.  The  runaways  managed  a  bare 
subsistence,  the  prey  of  all.  Some  were  employed  by 
small  white  landholders,  at  wages  far  below  the 
shingle  cutters’  going  rate  and  they  sometimes  be¬ 
trayed  them  to  the  drivers.  Others  were  employed  by 
the  slave  shingle-cutters  themselves,  who  often  aston¬ 
ished  their  bosses  by  the  huge  number  of  shingles 
which  they  turned  in.  The  cutters  fed  and  clothed  the 
runaways  and  sometimes  paid  them  around  two  dol¬ 
lars  a  month.  If  the  runaways  owed  them  money  they, 
too,  had  little  compunction  about  turning  them  over 
to  the  drivers.55 

While  Olmstead  was  in  the  Dismal,  he  visited  one 
of  the  first  men  to  farm  in  the  swamp  itself  after  the 
Land  Company’s  unsuccessful  attempts  at  agricul¬ 
tural  projects.  George  Wallace  had  been  very  inter¬ 
ested  in  the  canal  and,  in  1841,  he  began  developing 
land  which  had  been  in  the  family  for  many  years.56  It 
was  near  the  Northwest  Canal  locks  and  not  far  from 
the  feeder  canal  to  the  lake,  now  known  as  Walla- 
ceton.  The  three-story  frame  house  which  he  built 
was  noted  for  its  stairs  and  woodwork  and  its  guest 
book  recorded  many  a  well-known  visitor.57  Olms¬ 
tead  was  much  impressed  by  Wallace’s  accom¬ 
plishment.  He  had  ditched  and  drained  some  of  the 
swamp.  On  this,  he  produced  excellent  crops  of  corn 
and  potatoes.  The  latter  he  found  particularly  profit¬ 
able,  harvesting  2100  barrels  from  forty  acres  and 
realizing  $8400  from  them  at  Norfolk.  The  middle¬ 
men  resold  them  in  New  York  for  from  ten  to  twenty 
thousand  dollars.  Such  land  was  available  at  from 
one  to  five  dollars  an  acre,  but  the  cost  of  reclamation 
Wallace  estimated  at  fifty  dollars  an  acre.58 

55  Olmstead,  “The  South,  Number  Thirteen,"  23  April  1853,  p.  2. 

58  William  Wallace  patented  2386  acres  adjacent  to  Wallace's  and  Mercer 
Grymes’s  old  “Patent  Land"  on  July  26,  1787,  DSLC-DU. 

57  Margaret  Davis,  “Great  Dismal  Pictures,”  The  South  Atlantic  Quar¬ 
terly.  XXXIII  (April,  1934),  174. 

ss  “The  South — Number  Thirteen,”  23  April  1853,  p.  2.  Another  swamp 
resource,  in  addition  to  lumber  and  agriculture,  was  reported  by  Dr.  Caleb 
Winslow,  who  grew  up  on  the  edge  of  the  Dismal.  He  described  the  activities 
of  a  company  for  developing  peat  beds,  which  were  anywhere  from  six  to 
sixty  feet  thick.  They  dug  out  blocks  the  size  of  bricks  which  were  then  dried: 
“The  Dismal  Swamp,"  essay  read  before  the  Baltimore  Friends'  Meeting,  p. 
167-  (University  of  North  Carolina). 


Fig.  3. — “Carting  Shingles,”  by  Porte  Crayon,  from  Harper's  New 
Monthly  Magazine,  September  1856. 


Fig.  2 — “The  Barge,”  by  Porte  Crayon,  from  Harper’s  New 
Monthly  Magazine,  September  1856. 


ing  there  most  of  their  lives.  “Those  who  have  been 
once  broken  in,  enjoy  the  life,  and  would  be  very 
sorry  to  have  to  give  it  up  and  go  on  to  a  plantation. 
They  almost  invariably  have  excellent  health,  as  do 
also  the  white  men  engaged  in  the  business.”  This  was 
attributed  by  most  to  the  water.53 

With  such  a  great  number  of  slaves  working  in  the 
swamp  for  almost  a  century,  many  came  to  know  it 
better  than  their  masters  or  other  white  men.  To 
some  it  appealed  as  a  perfect  refuge  from  slavery  and 
many  of  them  fled  to  freedom  among  the  Dismal’s 
terrors.  Merle  R.  Eppse  said  that  “The  Dismal 
Swamp  Colony  of  Negroes  continued  from  gener¬ 
ation  to  generation,  defying  and  outwitting  the  slave 
owners  right  in  the  midst  of  the  strongest  slave-hold¬ 
ing  communities  in  the  South.”54  Around  1843,  a 
regular  business  of  hunting  runaways  with  guns  and 
dogs  developed.  Blood-hounds,  fox-hounds  or  bull- 

53  ibid. 

54  The  Negro.  Too,  in  American  History  (New  York,  1939),  p.  159. 
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The  Dismal  and  its  inhabitants  were  portrayed  for 
posterity  during  this  period  by  another  visitor,  David 
Hunter  Strother,  better  known  as  “Porte  Crayon." 
He  entered  the  swamp  at  Suffolk  in  March,  1856, 
provided  with  provisions,  blankets  and  a  “a  buffalo 
robe  for  bedding.”  The  Canal  Company’s  covered 
barge  supplied  transportation  (Fig.  2).  Crewed  by  two 
Negroes,  they  “each  took  hold  of  a  long  pole,  and  by 
the  help  of  a  peg  and  a  withe  rigged  it  horizontally, 
one  to  the  bow  and  the  other  to  the  stern  of  the  boat, 
so  that  the  ends  projected  over  the  tow-path.”  By 
pushing  these,  the  boat  was  thus  propelled.  The 
glassy-surfaced  canal,  the  great  silence  and  trees  fes¬ 
tooned  with  moss,  impressed  the  artist,  as  he  recalled 
Moore’s  poem.  He  landed  on  the  shores  of  Lake 
Drummond  where  Jim  Pierce  greeted  him  with  a 
dinner  of  ham  and  eggs.  The  next  day  Crayon  re¬ 
turned  to  the  main  canal  where  he  observed  the  light¬ 
ers  loaded  with  shingles  and  sand  (Fig.  3).  He  visited 


In  1856,  the  Dismal  Swamp  Rangers  were  organ¬ 
ized  at  Deep  Creek  and  were  attached  to  the  3rd 
Virginia  Volunteers  Regiment.1  A  brooding  atmo¬ 
sphere  of  tension  prevailed  between  the  North  and 
the  South.  In  April  1861,  with  the  attack  upon  Fort 
Sumter,  the  conflict  began.  The  Norfolk  area,  with 
Fortress  Monroe  and  the  Gosport  Navy  Yard,  al¬ 
ready  had  Federal  troops  present.  Among  their  early 
depredations  in  the  Great  Dismal  area,  was  the  de¬ 
struction  of  the  free  public  school  at  Deep  Creek.  It 
had  been  proudly  built  in  1845  as  one  of  the  first  in 
Virginia.2  Berry  Benson,  a  Connecticut  soldier  in  the 
area,  visited  the  Dismal  for  distraction  on  Christmas 
Day,  finding  it  “silent  and  lifeless.”  He  walked  along 
the  railroad  and  finally  rowed  a  boat  to  Drummond 
which  appeared  “calm  and  clear,  and  not  a  tree  broke 
the  eveness  of  its  surface.”  Out  in  the  middle  a  small 
Negro  lad  was  fishing  and  on  the  shore  lay  many 
upturned  boats.  In  writing  to  his  parents  that  night, 
he  reported,  “Here,  too,  all  was  silent.  I  would  have 
thought  there  were  denizens  of  this  Swamp  and  Lake 
to  keep  it  alive  with  their  cries;  but  during  the  whole 
day  I  saw  only  a  few  small  birds  and  two  or  three 
ducks.  ‘Dismal,’  truly.”3  It  was  not  long  that  pleasure 
boats  of  any  size  remained,  for  Union  General  Peck 
had  them  cut  up  to  use  as  pontoons  for  crossing 
Blackwater  River  which  lay  to  the  west  of  the  Dis¬ 
mal.4 

Both  canals  were  potentially  of  great  strategic  im¬ 
portance  to  the  Confederates.  The  Yankees  realized 
this  and  determined  to  seize  control  of  them.  Accord¬ 
ingly,  they  took  Elizabeth  City,  destroying  the  Con¬ 
federate  fleet  of  small  boats  with  the  exception  of  two 
which  fled;  one,  the  C.S.S.  Appomattox,  was  found  to 
be  two  inches  too  wide  to  pass  through  the  locks  and 
was  burned;  the  second,  being  smaller,  fled  up  the 

1  Davis,  The  Great  Dismal  Swamp ,  p.  91. 

2  Ibid,  p.  90. 

3  Berry  Benson  Collection.  Vol.  10,  p.  43,  University  of  North  Carolina. 

*  Robert  Arnold.  The  Dismal  Swamp  and  Lake  DrummondCHortoW. , 

1888),  p.  32. 


“Horse  Camp,”  the  shingle-cutters’  headquarters 
(Fig.  4).  It  was  a  small  collection  of  “picturesque 
sheds,”  where  provisions  of  bacon,  molasses,  sweet 
potatoes  and  whiskey,  etc.,  were  stored.  He  was  de¬ 
termined  to  interview  one  of  the  runaway  slaves, 
although  warned  of  the  danger.  He  plodded  a  couple 
of  miles  back  into  the  swamp  but  when  he  spotted  a 
huge  Negro  wrapped  in  a  blanket  and  armed  with  a 
gun,  he  hastily  retreated  only  too  relieved  that  the 
man  had  not  seen  him.  Later,  he  sketched  the  Negro 
and  his  boatmen  identified  him  as  “Osman,”  of 
whom  they  were  abjectly  terrified.59  It  was  Osman 
whom  Harriet  Beecher  Stowe  supposedly  used  as  a 
model  for  the  hero  of  her  novel  Dred:  A  Tale  of  the 
Great  Dismal  Swamp.60 


58  David  Hunter  Strother,  “The  Dismal  Swamp,  Illustrated  by  Porte 
Crayon,”  Harper’s  New  Monthly  Magazine  (September,  1856),  441-44,  453. 
60  Davis,  The  Great  Dismal,  p.  61 
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canal  to  Norfolk.  The  Confederates  cut  the  banks  of 
the  canal  to  let  the  water  out  to  make  their  escape  but 
later  repaired  them.  The  Albemarle  and  Chesapeake 
Canal  being  threatened,  they  blocked  it  before  the 
enemy  could  do  so.  They  then  proceeded  to  fortify 
South  Mills  to  protect  the  other  canal.  The  Yankees, 
fearing  that  the  Confederates  might  send  ironclads 
down  the  canal,  determined  to  blow  up  the  locks  at 
South  Mills.  In  April,  with  a  force  of  three  thousand 
men,  they  engaged  the  Confederates  three  miles  be¬ 
low  the  town  in  the  Battle  of  Camden.  While  they 
claimed  a  great  victory  and  the  Confederates  re¬ 
treated  toward  the  canal,  somehow  the  demolition  of 
the  lock  was  overlooked  when  the  Yankees  returned 
to  Elizabeth  City.5  When  Norfolk  fell  to  the  Yankees 
in  May,  they  lost  no  time  in  renovating  the  Albemarle 
and  Chesapeake  Canal  and  making  use  of  the  other. 
The  Dismal  was  officially  in  Union  hands  but  in 
actuality  was  a  superb  area  of  operation  for  Con¬ 
federate  guerilla  bands.  They  proceeded  to  play 
havoc  with  Yankee  forces.  On  September  8,  1863, 
Brigadier  General  Henry  M.  Naglee  reported  that  he 
had  occupied  the  swamps  to  stop  trade  and  commu¬ 
nications  and  burned  the  bridges.  He  had  rescinded 
the  latter  order  and  was  having  them  repaired  and 
was  now  attempting  to  drive  out  the  guerillas. 

These  are  not  uniformed,  and  it  is  impossible  to 
distinguish  them  from  the  farmers  of  the  country. 
They  are  familiar  with  the  country,  and  conceal 
themselves  in  the  thickets  and  most  unapproa¬ 
chable  places.  My  men  were  invariably  taken  at  a 
great  disadvantage,  and  invariably  the  first  knowl¬ 
edge  they  had  of  approaching  danger  was  a  volley 
when  least  expected,  and  which  was  followed  by  a 
scattering  of  those  who  thus  frequently  delivered  a 
very  disastrous  fire.  To  meet  these  surprises  in  the 
future,  I  have  ordered  when  approaching  these 
dangerous  places  where  an  attack  can  be  expected, 

5  For  a  detailed  account,  see  Brown,  Canal,  pp.  97-106. 
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some  half  dozen  of  the  most  influential,  restless 
secessionists  of  the  vicinity  shall  be  forced  to  act  as 
guides,  and  be  placed  with  the  advance  .  .  ,6 
The  importance  of  the  railroads  in  the  Norfolk 
area  was  recognized  by  both  Yankees  and  Con¬ 
federates.  The  Seaboard  and  Roanoke  was  the  princi¬ 
pal  carrier  of  the  vast  amount  of  food  produced  by 
the  rich  farmlands  in  eastern  North  Carolina  which 
was  so  necessary  to  the  southern  armies.7  General 
Lee  wasted  little  time  in  giving  orders  for  troops  to 
protect  it.8  As  a  connecting  link  to  central  Virginia, 
the  Norfolk  and  Petersburg  was  equally  vital. 

The  latter  road  and  its  dynamic  president,  William 
Mahone,  played  an  exciting  part  in  the  early  days  of 
the  war.  While  Norfolk  was  still  in  Confederate 
hands,  the  Gosport  Navy  Yard  was  called  upon  to 
surrender  for  word  had  been  received  that  Union 
gunboats  were  being  sent  to  destroy  the  bridges  by 
which  the  railroad  came  into  Norfolk.  Mahone  and  a 
group  of  volunteers  in  flat  cars  immediately  took  up 
positions  to  guard  the  bridges.  Finding  no  enemy 
either  there  or  beyond,  Mahone  conceived  an  idea  for 
capturing  the  navy  yard.  He  knew  that  rumors  of 
Lee’s  orders  for  troops  and  North  Carolina  militia  to 
converge  on  Norfolk  in  order  to  protect  the  railroads 
has  reached  the  Gosport  commandant  “So,  he 
adopted  the  ruse  of  having  the  engineer  of  his  train 
blow  the  whistle  and  ring  the  bell  of  the  locomotive  in 
such  a  manner  as  to  give  the  impression  that  several 
trains,  probably  troop  trains,  were  approaching.  The 
Federal  forces  took  the  hint,  and  rather  than  risk 
capture  in  the  poorly  defended  port,  abandoned  the 
navy  yard  under  the  cover  of  night.  Thus,  it  fell  to  the 
Confederate  forces,  without  the  firing  of  a  shot.”9 

In  spite  of  such  imaginative  strategies,  the  railroads 
were  captured  when  Norfolk  fell  in  May,  1862.  In 
1861,  the  rolling  stock  had  consisted  of  the  following: 

Sand, 

Pass.  Bag.  Box  coal  & 
Locom.  cars  &  Mail  &  flat  gravel 

Norfolk  &  6  3  2  80  — 

Petersburg 

10 

Seaboard  &  10  8  3  151  12 

Roanoke 

With  capitulation  imminent,  most  of  the  rolling  stock 
had  been  sent  west.11  Nevertheless,  the  Yankees  were 
able  to  make  good  use  of  the  trains.  They  even 
changed  the  gauge  of  the  tracks  beyond  Suffolk.12 
They  were  in  a  far  better  situation  to  preserve  the 
tracks  for  most  of  the  rails  were  manufactured  in  the 
north.13  There  was  one  bad  accident  in  April,  1863, 
when  a  locomotive  on  the  Norfolk  &  Portsmouth 


6  Official  Records  of  the  Union  and  Confederate  Armies:  The  War  of  the 
Rebellion  (Washington,  1880-1901),  Ser.  I.  XXVII.  Pt.  3. 

7  Geroge  Edgar  Turner.  Victory  Rode  the  Rails  (New  York,  1953),  p.  264. 

8  Ibid,  p.  64. 

9  Smith.  General  William  Mahone  .  ...  pp.  12-13. 

10  Angus  J.  Jonston,  II,  “Virginia  Railroads  in  April  1861,”  Journal  of 
Southern  History  23  (August,  1957),  319. 

11  Turner.  Victory,  p.  272. 

12  Angus  J.  Jonston,  II.  Virginia  Railroads  in  the  Civil  War  (Chapel  Hill, 
1961).  p.  142. 

18  Johnston,  "Virginia  Railroads  in  April  1861,”  Journal  of  Southern  His¬ 
tory  23  (August.  1957),  317. 


smashed  into  the  drawbridge  over  the  Elizabeth 
River,  taking  seven  flat  cars  down  with  it.14 

The  recently  published  diary  of  Mrs.  George  Wal¬ 
lace  gives  an  interesting  description  of  the  war-time 
life  of  those  who  lived  in  the  Dismal.15  The  Wallaces 
had  only  one  other  family  as  close  neighbors,  the 
William  Charles  Stewarts  at  Beechwood.  The  Walla¬ 
ces’  plantation,  Glencoe ,  had  innumerable  visits  from 
the  Yankees.  In  April  1863,  they  used  twenty  barrels 
of  corn  and  almost  all  of  the  fodder  but  did  not  harm 
the  plantation.  They  burned  the  bridge  over  the 
Northwest  Canal.  The  Wallaces  had  only  two  hired 
hands  with  which  to  work  the  place  for  their  slaves 
and  even  the  foreman  had  left  “for  Freedom.”  Their 
largest  lighter  was  sunk.  They  watched  as  five  hun¬ 
dred  cavalry  clattered  by  on  their  way  to  South  Mills 
to  attack  the  Confederates.  The  Yankees  were  deter¬ 
mined  to  clear  the  guerilla  activity  from  the  area 
completely  and  had  sent  General  Wild  to  accomplish 
it.  All  day  long  cannon  could  be  heard  to  the  south. 
Wallace  was  arrested,  charged  with  “entertaining 
blockage  runners.”16 

It  was  a  wretched  year  for  Mrs.  Wallace.  Even  the 
house-servants  deserted.  She  wrote  on  May  21:  “Ev¬ 
ery  day  a  lighter  passes  on  the  D.  S.  Canal  with  the 
negroes  and  their  luggage  .  .  .  The  lighter  was  so 
heavily  laden  today  that  the  Yankee  in  charge  would 
not  consent  to  take  all,  so  Rachel  and  Mahalia 
packed  off  with  a  cart  load  of  luggage.  The  others  are 
to  go  tomorrow.”17  As  often  as  she  could,  Mrs.  Wal¬ 
lace  made  the  long  journey  to  Norfolk  to  visit  her 
husband  in  jail.  Tried  by  a  military  court  in  June,  he 
was  found  guilty,  fined  $1500  and  released  for  ninety 
days  in  July.18  Passes  were  now  required  for  all  who 
entered  the  Dismal  and,  in  August,  the  Yankees  re¬ 
turned.  Now  they  were  selling  mules,  clothing,  silver 
and  other  war-spoils  to  negroes  and  poor  whites.  The 
guerrillas  were  still  active  around  Currituck  and 
burning  bridges.  In  October  a  Yankee  unit  camped  at 
Glencoe ,  tore  down  the  fences  and  ruined  the  fodder. 
They  departed  in  November  only  to  be  followed  by 
others,  who  searched  for  mules  and  horses  unsuccess¬ 
fully,  as  they  had  been  hidden  in  the  back  pastures. 
Later,  Mrs.  Wallace  wrote  “our  dear  Old  Pete  horse” 
was  taken.  When  two  Negro  regiments  passed 
through  they  were  harassed  by  the  guerrillas,  one  of 
whom  was  caught  and  hanged.  General  Wild’s  troops 
took  two  women  as  hostages,  enraging  the  local 
people  even  more.19 

On  March  1,  the  Wallaces  heard  firing  and  were 
cheered  to  see  Yankee  cavalry  riding  towards  Deep 
Creek  closely  followed  by  Confederates  under  Co¬ 
lonel  Ransom.  The  latter  tore  up  the  bridges  and 
departed,  in  their  turn  chased  by  the  Yankees  who  met 
them  in  a  pitched  battle  at  Tadmor.  To  avoid  another 
such  incident,  the  Yankees  proceeded  to  construct 
blockhouses  along  the  canal.  On  March  9,  Negro 
troops  replaced  the  white  who  had  been  camped  at 
Glencoe  and  they  were  relieved  in  April  by  five  hun- 

14  Turner,  Victory,  p.  264. 

15  Eleanor  P.  Cross  and  Charles  B.  Cross,  Jr.,  eds.,  Glencoe  Diary,  The 
War-Time  Journal  of  Elizabeth  Curtis  Wallace  (Norfolk,  1968). 

16  Ibid.  pp.  20-35. 

17  Ibid.  p.  37. 

18  Ibid.  pp.  43-51. 

,9  Ibid.  pp.  52-79. 


Man  and  the  Great  Dismal 


167 


dred  whites.  In  August,  news  of  the  death  of  one  son 
and  the  wounding  of  another  reached  the  Wallaces. 
The  diary  ended  in  October  1864.20  While  similar 
experiences  were  occuring  all  over  Virginia,  the  isola¬ 
tion  of  the  swamp  families  added  to  their  wretched¬ 
ness. 

In  1863  the  United  States  Commissioner  tried  to 
collect  taxes  on  the  Dismal  Swamp  Canal  but  there 
was  so  little  revenue  that  even  the  lock-keepers  re¬ 
mained  unpaid.  The  president  and  four  directors  of 
the  Company  resigned  and  no  records  were  kept  be¬ 
tween  1862-1865  when  the  Union  was  in  possession. 
Fortunately  they  appointed  a  Yankee  sympathiser, 
Leroy  G.  Edwards,  as  manager.  He  was  able  to  pre¬ 
vent  much  of  the  possible  destruction  by  passing 
soldiery,  but  when  the  canal  was  finally  returned,  it 
showed  the  neglect  of  the  three  years  and  was  in 
extraordinarily  bad  shape.21  It  was  several  years  be¬ 
fore  the  Canal  Company  partially  recovered.  In  1874, 
it  was  unable  to  pay  interest  on  its  bonds  while  the 
rival  Albemarle  and  Chesapeake  Canal  declared  an 
income  of  $90,000.  The  Dismal  Swamp  Canal  Com¬ 
pany  had  never  enjoyed  such  success.  It  had  only 
reported  a  $25,000  net  profit  in  1857.  Its  total  in¬ 
vestment  was  $1,152,891.71.  Revenue  continued  to 
improve  slightly  but  still  the  Company  remained  in 
great  financial  danger.  What  the  War  had  failed  to 
wreck,  the  Albemarle  and  Chesapeake  did.  Small 
vessels  were  necessary  in  the  old  canal  and  these  had 
been  largely  destroyed  during  the  War.  The  new  ca¬ 
nal  could  accomodate  almost  any  size  vessel  and 
there  was  but  the  one  lock  at  Deep  Creek.  To  add  to 
the  gloomy  picture,  the  United  States  government 
spent  large  sums  of  money  improving  and  repairing 
the  new  canal.  It  required  such  subsidies  for,  being 
cut  through  sand,  the  banks  were  continually  eroded. 
In  contrast,  the  older  canal  had  firm  banks  and  little 
erosion.  Construction  costs  of  the  two  canals  were 
very  similar.22 

On  May  9,  1861,  the  Dismal  Swamp  Land  Com¬ 
pany  president,  Tazewell  Taylor,  addressed  as  many 
of  the  shareholders  as  were  able  to  attend  the  annual 
meeting.  The  War  had  commenced.  Many  of  their 
shareholders  were  already  cut  off  from  the  Dismal 
area.  The  Company  had  an  unusually  large  stock  of 
lumber  on  hand  but  shipments  and  sales  had  stopped 
April  first.  What  plans  should  they  make  for  the  time 
being?  Company  salaries  included:  the  president, 
$300;  the  agent,  $1200;  the  inspector  at  the  yard, 
$250;  and  the  counter,  $250.  Taylor  reported  that 
“The  Company  owns  eight  mules,  six  negro  men,  and 
has  hired  for  the  present  year  six  Lighter  men,  and 
seven  Cart  Boys — The  hires  amounting  to  about 
$1200.”  He  suggested  that  they  fire  the  inspector  and 
the  counter,  reduce  the  pay  of  the  president  and  agent 
and  keep  the  Negroes  to  protect  the  lumber  and  to 
work  in  the  swamp.  He  reported  gross  sales  for  the 
year  ending  May  1,  1861  to  be  $34,065.10  and  ex¬ 
penditures  $2 1,34 1.31. 23 

The  Land  Company’s  records  are  scanty  between 
1861  and  1870.  Presumably,  it  received  some  damage 
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and  loss  of  revenue  as  did  the  Canal  Company.  There 
is  a  reference  to  an  arrangement  which  John  G.  Wal¬ 
lace  had  with  the  Company  in  the  summer  of  1868. 
He  had  cut  shingles  on  the  150  to  200  acre  area 
known  as  the  “green,”  to  the  east  of  Jericho  Canal 
and  surrounded  by  burnt  ground  and  the  lake.  The 
Company  had  been  paid  $5432.20  while  he  and  the 
Company  shared  the  cost  of  the  railroad.  He  re¬ 
quested  a  continuation  until  the  summer  of  1871  but, 
in  the  event  of  a  refusal,  hoped  that  the  Company 
would  give  him  the  use  of  the  railroad  which  was 
deteriorating  from  lack  of  it.  The  January,  1870,  re¬ 
port  of  Taylor,  who  was  retiring  as  president,  appears 
to  be  the  earliest  surviving  record  of  that  period.  He 
remarked  that  there  had  been  a  considerable  loss  in 
rotten  shingles  and  from  fire  in  the  preceding  five 
years  but  added  that  it  was  no  more  than  usual.  A 
schooner  carrying  shingles  had  been  lost  but  five 
thousand  telephone  poles  had  been  ordered  from 
Massachusetts.  The  Company  now  had  four  creek 
and  lake  lighters  as  well  as  six  skiffs.24 

In  November,  1870,  Wallace  reported  to  Cary 
Weston,  Taylor’s  successor,  that  Washington’s  Ditch 
was  still  without  water  enough  for  skiffs.  Weston  had 
received  requests  for  prices  on  a  thousand  cedar  tele¬ 
graph  poles  from  Western  Union  and  there  were  or¬ 
ders  for  shingles,  lumber,  cords  of  wood  and  ties. 
Upon  Weston’s  sudden  death,  John  F.  Stewart  took 
over  as  temporary  agent.  In  March,  ties  were  sent  to 
the  Norfolk  and  Petersburg  Railroad,  lumber  to  New 
York  and  cypress  staves  to  Suffolk.  John  G.  Wallace 
applied  for  appointment  as  a  company  agent  and 
guaranteed  the  stockholders  six  thousand  a  year.  Un¬ 
less  ten  thousand  was  cleared,  he  would  take  no 
salary.  In  the  meantime,  the  Company  was  ap¬ 
proached  by  a  Norfolk  lumber  firm,  Baird,  Roper 
and  Company,  who  offered  a  lease  for  the  swamp 
land  of  twelve  thousand  a  year,  which  it  accepted. 
This  arrangement  lasted  for  many  years.24 

In  1877,  the  Virginia  General  Assembly  passed  an 
Act  which  reorganized  the  Land  Company  on  a  stock 
share  basis25  and  in  1899,  after  136  years,  it  was  sold 
to  William  N.  Camp  for  $76,500.26  The  Camp  family 
had  come  from  Rutherford,  North  Carolina,  to  settle 
in  Southampton  County,  Virginia,  in  the  early  part  of 
the  nineteenth  century.  William  Camp  and  five  of  his 
brothers  were  interested  in  lumbering  in  Virginia, 
North  Carolina  and  Florida.  When  William  N. 
Camp  took  over  the  Land  Company  holdings,  the 
stumpage  was  estimated  at  400,000,000  board  feet. 
He  proceeded  to  construct  fifty-nine  miles  of  narrow 
guage  railway,  with  rolling  stock  of  seven  locomo¬ 
tives  and  logging  cars.27  Some  of  the  pilings  had  to  be 
driven  down  thirty  feet  to  reach  a  firm  base.28  Within 
two  years,  Camp  brought  an  unsuccessful  suit  against 
the  Canal  Company  for  withdrawing  more  water 
from  Lake  Drummond  when  the  feeder  ditch  was 
enlarged.  Mr.  Camp  conveyed  the  Dismal  Swamp 
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land  to  the  Camp  Manufacturing  Company  in  1909. 
In  1944,  this  became  the  Chesapeake-Camp  Corpora¬ 
tion.  It  again  changed  name  in  1956  when  it  merged 
with  the  Union  Bag  &  Paper  Corporation  and  be¬ 
came  known  as  the  Union  Bag-Camp  Paper  Corpo¬ 
ration.29  It  is  today  known  as  the  Union  Camp  Cor¬ 
poration. 

Less  than  ten  years  after  the  War  between  the 
States,  an  unusual  visitor  and  forerunner  of  many  of 
to  come,  made  his  way  through  the  old  Dismal 
Swamp  Canal.  Nathaniel  Bishop  was  making  his  way 
south  in  his  Maria  Theresa ,  well  known  as  the  “Paper 
Canoe.”  He  was  using  the  inland  waterway  which 
was  being  developed  and  which  so  many  pleasure 
boats  would  later  use.  He  reported  in  his  book  that 
the  banks  were  seven  feet  above  the  canal  which  was 
beginning  to  shoal  in  places.  He  was  impressed  by  the 
sight  of  “freedmen  poling  flats  loaded  with  shingles” 
who  “roared  out  their  merry  songs  as  they  passed.” 
What  impressed  the  Yankee  even  more  was  that  the 
lock-keepers  demanded  no  toll  for  canoes.30  One  of 
Bishop’s  many  successors  was  Edwin  Way  Teale, 
who  visited  the  Dismal  and  Lake  Drummond  on  his 
way  North  with  the  Spring  in  1950.  He  reported  that 
there  had  been  a  six  foot  drop  in  the  lake  in  the  winter 
of  1930-1931 .31 

In  1886,  North  Carolina  Governor  Alfred  M. 
Scales  named  W.  D.  Pruden  commissioner  to  repre¬ 
sent  the  state  in  re-running  and  remarking  the 
boundaries  between  the  counties  of  Camden,  Curri¬ 
tuck  and  Gates,  and  the  state  of  Virginia.  The  latter 
was  represented  by  the  Honorable  Conway  R.  How¬ 
ard.  Pruden  appointed  H.  T.  Greenleaf  of  Elizabeth 
City  as  engineer.  He  also  represented  the  U.  S.  Coast 
and  Geodetic  Survey.  His  manuscript  diary  of  their 
travails,  and  Pruden’s  report  to  the  governor,  while 
not  so  lively  as  that  of  Byrd,  picture  their  problems 
quite  vividly.  The  survey  began  “at  the  old  line  stone 
on  the  Dismal  Swamp  Canal”  on  November  10.  This 
marker  had  been  placed  by  the  Canal  Company 
around  1810  but  had  no  authority  behind  it  and,  in 
such  haphazard  fashion,  that  it  was  actually  four 
hundred  and  forty-four  feet  north  of  the  line.  The 
surveyors  removed  the  markings  but  left  the  stone 
and  implanted  new  markers  along  the  correct  line. 

Unlike  the  innate  suspicion  between  the  commis¬ 
sioners  in  1728,  there  was  complete  agreement  be¬ 
tween  Pruden  and  Howard.  As  Pruden  noted,  “In¬ 
deed  there  was  but  little  occasion  for  differences 
between  us,  for  considering  the  imperfect  instruments 
used,  the  survey  of  1728  was  remarkable  for  its  accu¬ 
racy.  Any  slight  errors  were  due  doubtless  to  their 
imperfect  instruments,  being  an  ordinary  Surveyor’s 
compass  etc.”  It  was  just  as  well  that  the  men  repre¬ 
senting  both  states  worked  in  such  harmony  for  the 
weather  outdid  itself  in  testing  their  fitness.  It  was 
said  to  have  been  one  of  the  most  severe  winters  ever 
experienced  in  the  area.  Pruden  noted  bitterly:  “Snow 
or  rain  was  almost  constant  from  November  26th, 
1886  to  February  25th,  1887,  while  the  cold  was  more 
intense  than  usual  with  us,  all  of  which  rendered  the 
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prosecuting  of  the  work  very  slow  and  difficult,  espe¬ 
cially  through  the  Dismal  Swamp.”  A  three  day 
snowstorm,  starting  on  December  4,  left  twelve 
inches  on  the  ground.  The  canal  froze  over  and  the 
steamers  had  to  break  the  ice  to  get  through.  Even 
Lake  Drummond  froze  and  some  of  the  surveying 
party,  who  had  been  separtated  from  the  others,  had 
to  break  their  way  across  the  lake’s  ice.  There  was  an 
eighteen  inch  fall  of  snow  in  January.32 

The  survey  was  completed  on  March  7  and  only 
two  families  were  affected  by  the  new  line.  In  Gates 
County,  North  Carolina  lost  Mr.  Decatur  Taylor  and 
gained  “Mrs.  Everett,  with  several  small  children.”33 
Pruden  summarized  their  impressions  against  the  his¬ 
torical  perspective: 

It  is  very  pleasant  to  compare  the  country  and  the 
people  along  the  line  with  the  accounts  given  by 
Col.  Wm.  Byrd  in  his  Westover  papers  and  others, 
of  them  in  1728.  Where  then  was  virgin  forest 
untrodden,  except  by  the  Indian  and  the  hunter,  we 
find  now  farms  and  farm-houses,  villages  and  pub¬ 
lic  improvements,  and  even  the  Dismal  Swamp, 
where  then  were  only  “tangled  juniper,  beds  of 
reeds  .  .  .  and  man  never  trod  before”  is  now  pene¬ 
trated  by  the  Canal,  through  which  steamers  daily 
pass;  while  smaller  canals  and  paths,  the  work  of 
lumbermen,  are  seen  everywhere.  As  evidence  of 
the  physical  and  material  advancement  of  the 
country,  it  may  be  observed  that  three  Rail  Roads, 
the  Norfolk  Southern,  the  Suffolk  &  Caroline,  and 
the  Suffolk  Lumber,  cross  the  line  and  the  waters 
of  Currituck  Sound,  Black  Water  River,  North 
River,  and  smaller  streams  are  daily  disturbed  by 
steam  boats  and  other  vehicles  of  Commerce. 

Churches  and  school  houses  everywhere  prevail 
and  instead  of  ignorance  and  immorality  depicted 
in  the  accounts  of  those  days,  we  find  a  thrifty, 
moral  and  religious  people — honest,  self-reliant 
and  law-abiding — the  peers  of  the  best.34 

In  1952,  a  geological  survey  party  entered  the 
swamp.  Strange  as  it  may  seem,  with  the  passage  of 
another  sixty-five  years,  what  was  left  of  the  Dismal 
appeared  to  be  not  too  dissimilar  from  what  faced 
Pruden  and  his  men  or  even  Byrd’s  group.  They  were 
still  confronted  with  other  problems  in  addition  to 
the  undergrowth.  Often  the  tripod  kept  sinking  and 
the  only  practical  way  to  take  a  sight  was  to  kneel. 

They  even  found  some  of  Byrd’s  “Green  Sea”  still 
in  evidence.  When  they  mapped  Drummond,  it  was 
found  to  vary  in  depth  from  eight  to  thirteen  feet.35 
This  was  the  winter  of  the  great  drought  when  there 
was  but  a  trickle  of  water  in  the  canal  and  the  lake’s 
shores  were  laid  bare  to  uncover  World  War  IPs 
practice  bombs  ejected  by  pilots  from  Langley  Field. 
While  the  swamp  has  suffered  droughts  for  centuries, 
Brown  thinks  it  possible  that  the  Camp  operations 
could  well  have  been  a  factor.  They  had  become  so 


32  W.  D.  Pruden.  Report  to  Governor  Scales,  December  27,  1888,  Micro¬ 
film  SHC  #1909,  University  of  North  Carolina. 

33  Ibid. 

32  Ibid. 

35  Mason,  “Mapping,"  The  Military  Engineer  44  (March-April  .1952), 
120-25. 


Man  and  the  Great  Dismal 


169 


extensive  as  to  require  many  new  ditches,  thus  adding 
to  the  drainage.36 

The  neglected,  practically  bankrupt,  canal  enjoyed 
some  years  of  resurrection  when  the  Lake  Drum¬ 
mond  Canal  and  Water  Company  bought  it  in  1892. 
Just  prior  to  this  a  ten  mile  ditch  from  Drummond 
had  been  dredged  with  the  idea  of  supplying  Norfolk 
and  Portsmouth  with  drinking  water.  Fortunately, 
this  was  abandoned  when  it  was  found  that  the  1787 
Act  provided  that  the  lake’s  waters  could  only  be 
drained  for  navigational  purposes.37 

Work  on  the  canal  by  the  new  company  com¬ 
menced  in  1896.  The  most  modern  dredges  for  the 
time  were  employed  and  the  canal  was  both  deepened 
and  widened.  New  locks  were  made  to  accomodate 
the  sixty  foot  width  and  ten  foot  depth.  The  official 
opening  of  the  improved  canal  took  place  on  October 
14,  1899,  with  much  pomp  and  excitement.38  The 
success  of  the  canal  improvements  is  shown  by  a 
U.S. Census  Table,  quoted  by  Brown.  In  1880,  the  old 
canal  had  carried  only  6,731  tons  of  freight  while  the 
Albemarle  and  Chesapeake  boasted  400,000.  The  two 
canals  exhibited  similar  statistics  in  1889  (78,211  vs. 
316,793)  but  in  1906  the  Dismal’s  canal  boasted 
340,135  tons  while  the  other  only  carried  95, 269. 39 
Within  five  years  this  balloon  of  prosperity  burst 
when  the  U.  S.  government  bought  the  Albemarle 
and  Chesapeake  Canal  to  add  to  its  inland  waterway 
and  made  it  toll  free.  The  swamp  canal  lost  prac¬ 
tically  all  of  its  business  except  for  some  lumber 
shipments  and  pleasure  craft.  The  Richmond  Cedar 
Works,  which  was  operating  a  large  lumbering  busi¬ 
ness  in  the  Dismal,  depended  on  its  own  railway  to 
get  out  the  logs.  Gradually  the  canal  silted  up  and  its 
depth  was  cut  to  five  feet.40  Finally,  in  1929,  the 
government  bought  it  for  a  half  million  dollars.41  It 
was  useful  adjunct  to  the  Inland  Waterway  as,  being 
parallel  to  the  Albemarle  and  Chesapeake  Canal, 
either  could  be  used  while  the  other  was  being  re¬ 
paired.  Again,  the  canal  was  dredged,  locks  re-newed 
or  rebuilt  and  various  other  improvements  made, 
including  draw  bridges.  Commercial  traffic  continued 
to  use  the  Albemarle  and  Chesapeake  Canal  but  dur¬ 
ing  World  War  II  many  vessels  were  diverted  to  the 
swamp  when  the  submarine  menace  increased  the  use 
of  the  inland  passages  tremendously.42 

In  1916,  Walter  Prichard  Eaton  visited  the  Great 
Dismal  and  described  “The  Real  Dismal  Swamp”  for 
Harpers.  He  found  the  walking  pleasant  along  the 
canal  banks  with  no  mosquitoes,  yellow  flies  or  even 
snakes,  although  it  was  May.  There  were  many 
homes  and  farms,  and  he  estimated  that  one  third  of 
the  swamp  had  been  reclaimed.  On  the  canal  there 
was  much  activity.  Schooners  loaded  with  shingles 
passed  him.  There  were  two  steamers  daily  from  Nor¬ 
folk  carrying  passengers  and  mail.  The  latter  was  left 
at  “Captain  Wallace’s  place.”  Eaton  referred  to  Wal¬ 
lace  as  the  “squire  of  the  swamp,”  and  said  that  his 
family  had  reclaimed  a  square  mile  of  swamp  “by 
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sinking  a  drain  under  the  canal  to  carry  off  the  water 
eastward.”  The  principal  crops  at  Glencoe  were  corn 
and  hay.  Wallace  told  him  of  many  wild  cattle  in  the 
swamp  which  had  to  defend  themselves  from  the 
bears  there.  The  battle  was  not  always  unequal  for  he 
had  once  found  the  remains  of  both  animals  together. 
Eaton  spent  one  night  at  a  “hotel”  at  Wallaceton,  a 
lumber  camp,  and  another  at  Captain  Jack’s  at  Lake 
Drummond.43  This  appears  to  have  been  the  hotel 
which  a  Captain  Busby  opened  not  long  after  the 
War  between  the  States.  At  that  time  Busby  provided 
daily  transportation  to  it  from  Suffolk  by  means  of  a 
gondola,  a  forty  foot  affair  decorated  with  a  gay  red 
and  white  canopy,  and  powered  by  a  wood-burning 
steam  engine.  The  manager  then  was  Captain  Jack 
Robinson,  a  former  army  cook,  who  ran  it  in  “Irish 
style."  It  was  very  modest,  with  the  parlor,  dining¬ 
room,  kitchen  and  bedroom  all  combined.  Most  of 
the  clinetele  were  hunters  who  seem  not  to  have  ob¬ 
jected  to  this  informality.44 

The  most  recent  chapter  of  the  Great  Dismal’s 
history  ends  on  the  most  cheerful  note.  For  almost 
thirty  years  conservation  groups  have  been  interested 
in  preserving  areas  of  the  swamp.  They  have  been 
alarmed  by  proposals  such  as  one  which  would  have 
made  of  it  “the  Ruhr  of  America.”45  In  September, 
1970,  the  Union  Camp  Corporation  concluded  that 
timber  operations  in  their  Dismal  holdings  were  pro¬ 
ving  uneconomical.  They  requested  a  study  by  repre¬ 
sentatives  from  The  Nature  Conservancy,  a  national 
non-profit  agency  which  has  been  credited  with  the 
preservation  of  374,  576  forest  acres.  Union  Camp’s 
49,097  acres,  including  Lake  Drummond,  had  been 
appraised  at  $12,600,000.  The  land  was  extremely 
valuable  as  farmland  or  for  development  either  in¬ 
dustrial  or  residential.  The  Conservancy  had  no  way 
in  which  to  raise  such  a  sum,  but  did  encourage  the 
consideration  of  tax  savings  as  well  as  the  engender¬ 
ing  of  goodwill  for  the  company.  Meanwhile,  both 
North  Carolina  and  Virginia  legislatures  became  in¬ 
terested  in  the  preservation  of  at  least  part  of  the 
Dismal.  Their  hand  was  strengthened  by  the  passage 
by  Congress  of  a  bill  providing  for  a  study  of  the 
possible  preservation  of  the  Great  Dismal.  Shortly 
thereafter,  in  January  1973,  the  Union  Camp  Corpo¬ 
ration  announced  the  gift  of  its  Great  Dismal  Hold¬ 
ings  to  The  Nature  Conservancy,  with  the  under¬ 
standing  that  they  would  transfer  the  land  to  the 
United  States  Department  of  the  Interior  to  be  main¬ 
tained  as  a  wildlife  refuge.  Never  before  has  the 
United  States  received  so  large  a  tract  of  land  to  be 
used  for  wildlife  conservation.  One  third  of  the  acre¬ 
age  was  to  be  transferred  to  the  government  this  year, 
the  remaining  land  to  be  leased  until  all  would  be 
turned  over  by  the  bicentennial  year,  1975. 45 

The  land  was  deeded  in  a  formal  ceremony  in  the 
nation’s  capital  on  Washington’s  birthday,  1973. 
Union  Camp’s  chairman,  Alexander  Calder,  Jr., 
made  the  presentation  supported  by  President  Sam¬ 
uel  M.  Kinney,  Jr.,  Director  Paul  D.  Camp,  Jr.,  and 
other  company  representatives.  On  hand  to  receive 

43  Harper's  Monthly  Magazine  CXXII  (December,  1910),  18-30. 

44  Brown,  Canal,  p.  125. 

45  Freston,  “The  Great  Dismal  Swamp,”  Contact,  Issue  one/73,  Vol.  8, 
No.  I,  pp.  1-3. 
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this  handsome  gift  were  Dr.  Everett  M.  Woodman, 
president  of  The  Nature  Conservancy  and  Under 
Secretary  of  the  Interior,  John  C.  Whitaker.  Mrs. 
Shirley  Temple  Black  represented  President  Nixion’s 
Council  on  Environmental  Quality.46  Certain  pro¬ 
tective  practices  will  insure  that  this  land  will  become 
a  true  refuge  for  wildlife,  for  it  is  not  to  be  a  national 
park.  No  paved  road  will  violate  it.  Access  will  be  by 
means  of  old  logging  roads,  hiking  trails  and  the 
canals.  Union  Camp  leases  to  nineteen  hunting  clubs 
on  the  land  were  cancelled. 

Eight  federal  agencies  would  cooperate  in  a  survey 
of  the  Dismal,  announced  July  29,  1973,  by  the  Inte¬ 
rior  Department.  It  would  include  Union  Camp’s  gift 
and  the  Dismal  Swamp  Canal,  now  administered  by 
the  U.  S.  Engineers.  Hydrological  studies  were 
needed  to  determine  the  optimum  drainage  patterns. 
The  Assistant  Secretary  for  fish,  wildlife  and  parks, 
Nathaniel  P.  Reed,  stated  that  the  main  object  was  to 
determine  the  “desirability  and  feasibility  of  pro¬ 
tecting  and  preserving  the  ecological,  scenic,  recre¬ 
ational,  historical  and  other  resource  values”  of  both 
swamp  and  canal.  It  is  to  be  hoped  that  this  will  result 
in  the  permanent  preservation  of  one  of  the  few  re¬ 
maining  truly  wild  areas  on  the  Atlantic  coast.47 

The  Nature  Conservancy  hoped  to  encourage  im¬ 
portant  additions  to  the  wildlife  refuge  in  the  Great 
Dismal.  A  major  step  in  that  direction  was  taken  in 
August,  1973,  with  an  announcement  by  H.  S.  Mer- 
serau,  senior  vice-president  of  Georgia-Pacific  Cor¬ 
poration,  of  the  sale  to  the  Conservancy  of  an  1834 
acre  tract  in  Camden  County,  North  Carolina.  Mer- 
serau  indicated  that  Georgia-Pacific  had  been  en¬ 
couraged  to  make  the  sale  because  of  the  goals  of  the 
Conservancy:  “We  are  proud  to  assist  in  the  preser¬ 
vation  of  this  unusual  natural  area.”48  Having  ac¬ 
quired  all  of  the  original  eighteenth  century  holdings 
of  Washington’s  Dismal  Swamp  Land  Company 
from  Union  Camp,  the  Conservancy  now  seemed 
well  on  the  way  toward  adding  those  of  the  New 
Lebanon  Company  of  the  same  period. 

In  April  1976,  the  Weyerhaeuser  Company  made  a 
gift  to  the  nation  of  nearly  11,000  acres  in  the  Great 
Dismal  to  commemorate  the  Bicentennial.  This  tract 
lies  largely  in  Gates  County,  North  Carolina,  about 
20  miles  northwest  of  Elizabeth  City.  It  was  the  first 
land  to  be  donated  under  a  new  program  called  The 
American  Land  Trust,  and  it  will  be  administered  by 
The  Nature  Conservancy.  At  long  last  exploitation  of 
the  resources  of  the  Great  Dismal  has  ceased,  and  a 
major  portion  of  it  may  now  be  preserved  for  the 
enjoyment  of  present  and  future  generations.  Virgi¬ 
nians  and  other  Americans  are  greatly  indebted  to 
The  Nature  Conservancy,  the  Union  Camp  Corpora¬ 
tion,  Georgia-Pacific,  the  Weyerhaeuser  Company 
and  all  who  have  worked  toward  the  preservation  of 
this  great  natural  area. 

Acknowledgments — The  authors  wish  to  express 
their  appreciation  to  the  College  of  William  and 
Mary,  Duke  University,  and  the  University  of  North 
Carolina,  for  permission  to  quote  from  original  man¬ 
uscripts  in  their  collections. 

46  Ibid. 

"  Richmond  Times-Dispatch,  30  July  1973,  pp.  3-4. 

48  Ibid. 
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A  Technique  for  Initiating  the  Death  of  Standing  Pine  Trees 


In  order  to  study  accurately  the  physiology  and 
detection  of  stress  and  the  insects  associated  with  tree 
death,  there  has  been  need  for  a  reliable  procedure 
for  inducing  death  in  standing  pine  trees.  I  have 
developed  such  a  technique  on  Virginia  pine  ( Pinus 
virginiana  Mill.),  ranging  in  age  from  40-60  years,  21- 
31  cm  DBH  (diameter  at  breast  height),  12-18  m  in 
height  and  growing  in  mixture  with  hardwoods. 

The  selected  pine  tree  is  first  secured  by  at  least  4 
cables  (.32-. 64  cm  wire  rope),  placed  at  midbole.  The 
cables  are  put  on  one  at  a  time,  looped  once  around 
the  bole  and  secured  with  U-bolts.  After  anchoring 
each  cable  by  looping  it  under  nails  driven  into  the 
base  of  a  nearby  hardwood  tree,  the  cable  is  stretched 
with  a  self-locking  block  tackle  and  secured  with  U- 
bolts.  Care  must  be  taken  not  to  pull  the  pine  tree  out 
of  its  vertical  position.  Another  set  of  cables  (min¬ 
imum  of  3)  are  placed  horizontally  about  one  meter 
above  the  ground,  between  the  pine  and  nearby  hard¬ 
woods  (Fig.  1). 


The  dying  process  of  the  tree  is  initiated  by  sawing 
through  the  bole  about  .3  m  above  the  ground,  using 
wedges  to  keep  the  kerf  open.  A  sheet  of  plastic  is 
inserted  through  the  kerf  before  knocking  out  the 
wedges.  The  butt  is  secured  on  the  stump  by  bracing 
the  bole  with  2  X  4’s,  then  wrapping  the  bracing  with 
a  cable  secured  by  staples. 

Normally,  two  trees  can  be  treated  per  day  in  the 
summer  by  experienced  men.  A  total  of  50  trees  were 
killed  during  1968—70  and,  of  these,  only  one  slightly 
leaning  tree  was  wind  thrown. 

When  this  technique  is  used  in  studies  of  the 
primary  attractants  of  bark  beetles,  the  emission  of 
volatile  organic  matter  from  wounds  must  be 
avoided.  The  main  bole  should  be  wrapped  with  bur¬ 
lap  before  cabling  and  the  sawdust  collected  on  a  tarp 
and  removed.  The  kerf  should  then  be  sealed  with 
plaster  and  wrapped  with  plastic  before  securing  the 
butt.  Also,  the  studies  should  be  conducted  in  appar¬ 
ently  healthy  stands  during  endemic  bark  beetle  pop¬ 
ulation  levels. 
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News  and  Notes 


Ivey  F.  Lewis  Distinguished  Service  Award 

The  Award  was  presented  to  Dr.  D.  Rae  Carpenter 
at  the  Annual  Meeting  of  the  Academy  in  Fairfax,  on 
May  13,  1976,  with  the  following  citation: 

This  year’s  recipient  of  the  Ivey  F.  Lewis  Distin¬ 
guished  Service  Award  is  a  member  who  was  in¬ 
troduced  to  the  Academy  by  his  father.  He  read  his 
first  paper  in  1952  in  the  Astronomy,  Mathematics 
and  Physics  section  at  the  same  time  his  father  was  to 
appear  on  the  program.  Both  father  and  son  served  as 
chairmen  of  this  section,  one  in  1929  and  the  other  in 
1961,  one  of  the  three  father  and  son  chairmanships 
in  the  history  of  this  section.  He  has  served  on  many 
committees  in  the  Academy,  some  of  which  are  the 
Long  Range  Planning,  the  VJAS,  Finance  and  En¬ 
dowment  and  Director  of  the  Visiting  Scientist  pro¬ 
gram.  His  work  has  been  extensive  in  working  with 
l\igh  school  students  and  teachers  of  this  Common¬ 
wealth. 

He  is  a  native  of  Salem,  Virginia  where  his  father 
was  a  mathematics  professor  at  Roanoke  College.  He 
received  a  Bachelor  of  Science  degree  from  Roanoke 
College,  the  Master  of  Science  degree  from  Cornell 
University  and  the  Ph.D.  degree  from  the  University 
of  Virginia. 

His  research  experience  has  been  with  the  U.S. 
Naval  Weapons  Laboratory,  the  Harry  Diamond 
Laboratories,  General  Electric  Company  and  the 
U.S.  Weather  Bureau.  He  has  prepared  a  great  num¬ 
ber  of  technical  reports  since  1953  for  Harry  Dia¬ 
mond  Laboratories  of  the  Army  Materiel  Command 
and  the  National  Oceanic  and  Atmospheric  Adminis¬ 
tration  of  the  Department  of  Commerce.  For  a  num¬ 
ber  of  years  he  has  served  as  Director  of  the  V.M.I. 
Research  Laboratories  where  he  serves  as  Professor 
of  Physics.  He  is  a  Fellow  of  both  the  American 
Association  for  the  Advancement  of  Science  and  the 
Virginia  Academy  of  Science. 

He  was  trained  to  respond  to  the  standards  of  the 
Academy  first  by  his  father  and  then  grew  to  love  the 
Academy  by  becoming  deeply  involved  in  the  section 
of  his  profession  and  in  the  responsibilities  of  serving 
as  secretary,  vice-president  and  president  in  1969-70. 
He  has  shown  outstanding  ability  as  our  present  fi¬ 
nance  chairman  and  above  all  reflects  the  role  of  the 
Academy  at  a  state  level  where  all  of  us  are  reflected 
as  members. 

He  is  better  known  in  the  Commonwealth  of  Vir¬ 
ginia  as  the  Chairman  of  the  Board  of  Trustees  of  the 
Science  Museum  of  Virginia,  created  as  a  state 
agency  in  1970  by  the  General  Assembly.  He  has 
continued  to  carry  the  aspirations  of  the  Virginia 


Academy  of  Science  for  a  state  science  museum  since 
it  was  conceived  early  in  the  forties. 

The  first  Distinguished  Service  Award  was  pre¬ 
sented  in  1956  to  Dean  Ivey  F.  Lewis  and  to  William 
T.  Sanger.  Dean  Lewis  was  described  at  that  time  as 
an  able  investigator,  a  master  teacher,  who  with  gen¬ 
tleness  of  manner,  with  kindness  and  understanding 
has  labored  for  the  advancement  of  science  and  the 
welfare  of  mankind.  Our  recipient  has  indeed  fol¬ 
lowed  in  this  manner  for  the  welfare  of  the  Academy. 

He  is  one  that  is  not  only  an  able  individual,  one 
that  works  for  all  of  us  but  also  is  one  of  us.  He  is 
truly  a  gentleman,  a  scientist,  a  teacher  and  leader  for 
the  work  of  this  organization.  We  are  indeed  proud 
to  honor  him  and  in  so  doing  we  are  honoring  our¬ 
selves  to  present  the  1976  bicentennial  Ivey  F.  Lewis 
Distinguished  Service  Award  to  Delma  Rae  Carpen¬ 
ter,  Jr. 
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William  E.  Trout,  Jr. 

Professor  of  Chemistry,  Emeritus 
University  of  Richmond,  Virginia 


The  Physical  Sciences  in  Virginia, 
1609-1900 


Introduction 

In  the  years  since  that  morning  in  May,  1607,  when 
the  first  British  colonists  disembarked  at  Jamestown, 
native  and  resident  Virginians  have  made  impressive 
contributions  to  the  physical  sciences,  especially  dur¬ 
ing  the  acceleration  of  scientific  activity  in  the 
twentieth  century. 

As  a  bicentennial  project,  this  paper  will  confine  its 
attention  to  the  period  before  1900,  when  the  physical 
sciences  were  slowly  establishing  a  foothold  in  Vir¬ 
ginia,  leaving  a  record  with  many  gaps  to  be  filled  by 
future  historians.  What  is  known  about  science  in  this 
period  is  still  too  voluminous  for  a  paper  of  this 
nature;  some  favorite  people  and  stories  must  be 
slighted.  We  hope  you  will  forgive  the  omissions. 

In  the  early  days  of  the  colony,  science  was  taught 
under  two  general  headings:  “Natural  History”  and 
“Natural  Philosophy.”  “Natural  History,”  essen¬ 
tially  nature  study,  flourished  even  before  James¬ 
town,  as  the  explorations  of  the  beaches,  streams, 
forests,  and  mountains  led  to  the  close  observation  of 
nature  and  the  collection  of  plants,  animals,  rocks, 
minerals,  shells,  and  other  specimens,  so  many  of 
them  new  to  the  explorers.  The  Virginia  settlers,  un¬ 
like  those  in  New  England,  were  under  orders  to  send 
back  to  England  extensive  reports  and  whatever  sam¬ 
ples  were  available.  Under  such  conditions,  natural 
history  became  the  pastime  of  notable  amateurs, 
among  them,  to  mention  only  two,  William  Byrd  II 
(1674-1744)  who  wrote  a  “Natural  History  of  Vir¬ 
ginia”  and  was  elected  a  Fellow  of  the  Royal  Society 
of  London  when  only  twenty-two  (2),  and  John  Clay¬ 
ton  (1685-1773)  who  is  remembered  for  his  Flora 
Virginica.  (10,  33).  Those  colonial  naturalists  were 
given  solid  support  by  the  “natural  history  circle”  in 
Europe,  composed  of  some  of  the  most  distinguished 
scientists  of  the  day.  (37) 

In  contrast,  “Natural  Philosophy,”  which  included 
what  we  call  today  the  physical  sciences,  found  lim¬ 
ited  cultivation  and  little  support  in  early  America. 
One  of  our  distinguished  historians  of  science,  Pro¬ 
fessor  I.  Bernard  Cohen  of  Harvard  stated  bluntly, 
“With  the  sole  exception  of  Franklin’s  work  in  elec¬ 
tricity,  there  is  no  contribution  to  pure  science — 
whether  concept,  theory,  law,  or  effect — made  in  any 
of  the  Americas  prior  to  1800  by  a  native  or  by  a 
resident  that  is  of  such  major  importance  that  it  is 

Dr.  Trout’s  paper  was  prepared  at  the  invitation  of  the  Academy  for  the 
Bicentennial  celebration. 


worthy  of  being  recorded  in  every  general  history  of 
scientific  thought.”  (1 1,  47b)  Professor  L.  G.  Hoxton 
has  said,  “Research  in  physics  had  a  rather  late  start 
as  compared  with  the  other  natural  sciences.  How¬ 
ever  there  were  lone  investigators  [in  Virginia]  in  the 
nineteenth  century.”  (27a)  Although  astronomy  was 
taught  in  the  colleges,  and  was  a  popular  subject  for 
lectures,  significant  research  in  astronomy  in  Virginia 
had  to  wait  until  after  1880  for  the  establishment  of 
the  Leander  McCormick  Observatory  at  the  Univer¬ 
sity  of  Virginia.  (43a) 

Before  we  are  too  critical  of  the  early  scientists  of 
Virginia,  we  might  look  briefly  at  the  development  of 
the  physical  sciences  in  Europe.  We  find  that  Gali¬ 
leo’s  espousal  of  the  Copernican  World  System  was 
not  published  until  1632  and  was  then  suppressed. 
(21)  Robert  Boyle’s  major  contributions  to  physics 
and  chemistry  were  published  in  1660  (Boyle’s  law) 
and  1661  (the  chemist’s  concept  of  the  element).  (4) 
Sir  Isaac  Newton’s  Principia  came  out  in  1687.  (38) 
By  the  time  of  the  American  Revolution,  these  con¬ 
cepts  were  slowly  replacing  Aristotelian  “Physicks” 
in  the  college  textbooks  and  classes.  (31)  Chemistry 
at  this  time  was  still  encumbered  by  the  shrouds  of 
alchemy.  Iatrochemistry  (chemistry  applied  to  medi¬ 
cine)  was  emerging.  Priestley  prepared  oxygen  from 
mercuric  oxide  in  1774.  (40)  Lavoisier  published  his 
Traite  in  1789.  (29)  The  directing  influence  of  Dal¬ 
ton’s  atomic  theory  was  available  only  after  1800. 
(15)  Some  atomic  weights  were  in  doubt  until  the 
paper  of  Cannizzaro  in  1860.  (9)  Mendeleev’s  peri¬ 
odic  table  could  then  be  proposed  (1869).  (35) 

In  his  delightful  essay  on  chemistry  in  early  Vir¬ 
ginia,  William  G.  Guy  has  outlined  in  his  inimitable 
way  the  emergence  of  chemistry  as  a  science:  “Chem¬ 
istry  began  in  the  arts  of  common  living,  battened 
upon  the  observations  of  experimenters  and  natural¬ 
ists,  and  developed  into  a  science  through  the  reflec¬ 
tive  thinking  of  philosophers.  ...  So  youthful  a  sci¬ 
ence  is  chemistry  that  this  full  gamut  of  progress  may 
be  witnessed  in  the  years  that  lie  between  Jamestown 
and  Fort  Sumter,”  (24a) 

Looking  back  from  our  vantage  point  of  the  seven¬ 
ties,  we  are  reminded  of  the  oft-quoted  statement, 
“Ninety  per  cent  of  all  scientists  of  all  times  are  living 
today.”  This  must  be  an  estimate,  but  its  significance 
is  clear.  As  Raymond  P.  Stearns  puts  it,  “The  relative 
newness  of  present  day  scientific  achievement  is  star¬ 
tling  to  contemplate.”  (47a)  These  thoughts  incline 
us  to  accept  the  evaluation  of  Stearns,  who  argues 
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that  it  is  not  good  history  to  judge  the  contributions 
of  the  colonials  by  the  standards  of  modern-day  sci¬ 
ence.  (47b) 

The  Seventeenth  and  Eighteenth  Centuries 

But  for  a  series  of  misfortunes,  Virginia  might  have 
had  the  first  college  in  the  British  colonies  in  Amer¬ 
ica.  The  education  of  the  young  was  prominent  in  the 
minds  of  the  colonists  from  the  earliest  days.  Just  ten 
years  after  the  landing  at  Jamestown,  elaborate  plans 
were  under  way  for  the  establishment  and  support  of 
a  college  at  the  new  “planned  town”  of  Henrico,  on 
Farrar’s  Island,  not  far  from  the  site  of  Richmond. 
(7)  George  Thorpe,  a  member  of  the  King’s  Privy 
Council,  was  sent  over  to  take  charge  of  the  venture. 
Buildings  were  under  construction  when  the  Indians 
destroyed  the  town  in  the  Massacre  of  1622.  George 
Thorpe  was  killed.  Efforts  to  revive  the  institution 
were  ended  by  the  revocation  of  the  charter  of  the 
Virginia  Company.  Another  attempt  by  the  General 
Assembly  to  establish  a  college,  begun  in  1660,  was 
thwarted  by  the  scarcity  of  money  in  the  colony  and 
the  restlessness  of  the  times.  (7) 

It  was  not  until  1693  that  the  royal  charter  was 
granted  for  the  College  of  William  and  Mary  in  Vir¬ 
ginia.  Before  1710,  only  the  Grammar  School  was  in 
operation,  but  in  1711,  according  to  Theodore  Horn- 
berger,  “The  earliest  generous  recognition  of  the  sci¬ 
ences  came  at  the  College  of  William  and  Mary,” 
when  Tanaquil  Le  Fevre  was  appointed  Professor  of 
Natural  Philosophy  and  Mathematics.  “Le  Fevre  was 
not  only  William  and  Mary’s  first  professor,  but  he 
was  also  the  first  man  to  hold  a  chair  of  science  in  any 
American  college.  Unfortunately,  he  was  immedi¬ 
ately  in  trouble,  thanks,  so  Governor  Spottswood 
said,  ‘to  an  idle  hussy  he  brought  over  with  him’  from 
London.  Although  the  Governor  promptly  shipped 
this  distraction  back  to  England,  Le  Fevre  distin¬ 
guished  himself  only  by  drunkenness,  negligence  of 
his  duties  and  some  unspecified  ‘irregularities’  for 
which  he  was  discharged  in  1712.”  (26a) 

The  Reverend  Hugh  Jones  took  over  the  chair  in 
1717.  “If  Jones  was  actually  teaching  algebra  at  Wil¬ 
liam  and  Mary  between  1717  and  1722,  he  was 
among  the  first  to  introduce  that  subject  into  the 
college  curriculum  in  America.”  (26b) 

We  have  little  knowledge  of  the  science  that  was 
taught  at  William  and  Mary  in  these  early  days.  That 
the  College  bestowed  the  Master  of  Arts  degree  on 
Benjamin  Franklin  in  1756,  the  only  honorary  degree 
granted  by  the  College  before  the  Revolution,  speaks 
for  some  interest  in  science.  (20a) 

One  professor  of  natural  philosophy  and  math¬ 
ematics  of  this  period  left  an  impression  that  is  well 
documented.  He  was  William  Small  (1734-75),  who 
is  remembered  as  “Jefferson’s  beloved  teacher.”  (22) 
Small  received  the  M.  A.  from  Marischal  College, 
Aberdeen,  in  1755.  On  October  1758,  he  took  over 
the  professorship  at  William  and  Mary,  replacing  a 
man  who  had  been  dismissed  by  the  Board  of  Visitors 
for  political  activities.  When  the  Professor  of  Moral 
Philosophy  was  later  dismissed  for  riotous  behavior, 
Small  took  over  his  duties,  thus  becoming  for  a  time 
the  only  professor  in  the  School  of  Philosophy. 

Small  got  on  well  with  the  authorities  and  the 


community.  He  brought  with  him  the  demonstration 
lecture.  “He  was  enthusiastic  about  his  subject  and 
was  a  convincing  teacher  as  well  as  an  ardent  scien¬ 
tist.”  (20b)  Thomas  Jefferson,  perhaps  his  most  illus¬ 
trious  student,  wrote  half  a  century  later  in  his  auto¬ 
biography,  “It  was  my  great  good  fortune  and  what 
probably  fixed  the  destinies  of  my  life,  that  Dr.  Wil¬ 
liam  Small  of  Scotland  was  then  professor  of  Math¬ 
ematics,  a  man  profound  in  most  of  the  useful 
branches  of  science,  with  a  happy  talent  of  communi¬ 
cation,  correct  and  gentlemanly  manners,  and  an  en¬ 
larged  and  liberal  mind.  He,  most  happily  for  me, 
became  soon  attached  to  me,  and  made  me  his  daily 
companion  when  not  engaged  in  the  school;  and  from 
his  conversation  I  got  my  first  views  of  the  expansion 
of  science,  and  of  the  system  of  things  in  which  we  are 
placed.”  (39) 

Stearns  writes,  “The  College  of  William  and  Mary, 
especially  between  1758  and  1764,  .  .  .  was  a  lively 
scientific  center  to  which  the  Lieutenant-Governor 
Francis  Fauquier,  F.R.S.  lent  prestige  and  support. 
Dr.  Small  led  in  the  formation  of  a  society  founded  in 
Williamsburg  in  1759,  modeled  upon  the  Royal 
Society  of  the  Arts  founded  in  London  five  years 
before,  to  encourage  scientific  experimentation  and 
new  discoveries,  arts,  and  manufactures.  Some  in¬ 
vestigations  were  undertaken  with  niter  and  medici¬ 
nal  properties  of  Virginia  plants,  but  probably  the 
greatest  accomplishment  of  the  group  was  to  quicken 
the  scientific  interests  of  Thomas  Jefferson.”  (47c)  He 
suggests  that  Jefferson’s  interest  in  science  may  have 
been  implanted  by  his  father,  Peter  Jefferson,  well- 
known  surveyor  and  cartographer.  In  1751,  with 
Joshua  Fry,  a  professor  at  William  and  Mary,  Peter 
Jefferson  produced  one  of  the  best-known  maps  of 
Virginia. 

After  returning  to  England  in  1764,  Small  received 
the  M.D.  from  Marischal  College  in  1765  and  moved 
to  Birmingham,  where  he  practiced  medicine.  He  was 
a  consultant  to  the  industrialist  Matthew  Boulton 
and  was  associated  with  James  Watt,  the  inventor  of 
the  steam  engine.  He  was  a  member  of  the  prestigious 
Lunar  Society,  which  some  say  he  was  instrumental 
in  founding. 

When  he  returned  to  England,  Small  took  with  him 
a  commission  to  purchase  scientific  equipment  for  the 
College  of  William  and  Mary.  A  part  of  the  original 
list  of  apparatus  in  Small’s  own  handwriting  has  been 
preserved.  (20a,  32)  Professors  John  L.  McKnight 
and  Hans  C.  von  Baeyer,  of  the  Department  of  Phys¬ 
ics  of  the  College  of  William  and  Mary,  have  made  a 
study  of  this  apparatus  and  plan  to  put  together  a 
lecture  such  as  those  given  by  Small  over  two  hun¬ 
dred  years  ago.  Dr.  McKnight  estimates  the  value  of 
the  equipment  in  Small’s  partial  list  at  between  $3000 
and  $5000  current  value.  (32)  In  the  opinion  of  Horn- 
berger,  “Allowing  for  its  excellent  condition  and 
Small’s  good  judgment,  it  is  safe  to  say  that  it  was 
comparable  to  the  apparatus  at  Harvard.”  (26d)  Fur¬ 
thermore,  at  this  time,  “Harvard’s  greatest  rival  in 
physics  was  probably  the  College  of  William  and 
Mary.”  (26c) 

One  who  made  good  use  of  the  apparatus  pur¬ 
chased  by  Small  was  James  Madison,  a  cousin  of  the 
President  of  the  United  States  by  the  same  name. 
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Madison  graduated  from  the  College  of  William  and 
Mary  in  1771,  was  sent  to  England  for  further  study, 
and  in  1772  returned  to  Williamsburg  as  Professor  of 
Natural  Philosophy  and  Mathematics.  Five  years 
later  he  was  elected  President  of  the  College,  despite 
the  fact  that  he  was  two  years  under  the  statutory  age. 
He  retained  both  his  professorship  and  the  presi¬ 
dency  until  his  death  in  1812.  He  was  active  in  the 
Church  of  England,  holding  many  offices,  including 
that  of  Bishop  of  Virginia.  He  was  an  ardent  friend  of 
the  American  Revolution.  (18,  51) 

During  the  Revolution,  Madison  “succeeded  ad¬ 
mirably  in  sustaining  the  interests  of  the  College,  for 
the  exercises  of  the  College  were  suspended  only  for  a 
few  months  during  the  Revolution — a  short  time  be¬ 
fore  and  a  short  time  after  the  siege  of  Yorktown.” 
(50)  With  great  effort  the  library  and  the  equipment 
were  spared.  The  London-based  endowment  and  the 
overseas  sources  of  income  were  lost,  but  extensive 
land  holdings  remained.  These  were  added  to  in  1784 
by  the  Assembly. 

Thomas  Jefferson,  in  1779,  promoted  a  plan  to 
make  the  college  into  a  state  university,  but  the  legis¬ 
lators  would  not  cooperate.  He  made  a  second  at¬ 
tempt  after  the  Revolution,  but  it  lacked  the  approval 
of  the  College  administration.  The  college  remained 
private  until  1906.  (14b) 

Much  of  the  credit  for  the  recovery  of  the  college 
after  the  war  was  due  to  the  wit  and  effort  of  Presi¬ 
dent  James  Madison.  Thomas  Jefferson,  as  a  member 
of  the  Board  of  Visitors,  proudly  claimed  some  of  the 
credit  for  the  revision  of  the  curriculum,  for  the  novel 
“elective  system,”  and  for  the  relaxed  entrance  re¬ 
quirements.  In  contrast  to  the  requirements  of  1710 
are  those  described  in  a  letter  which  President  Madi¬ 
son  wrote,  in  1779,  to  President  Stiles  of  Yale,  “The 
doors  of  ye  University  are  open  to  all,  nor  is  even  a 
knowledge  in  ye  ant.  Languages  a  previous  Requisite 
for  Entrance.  The  students  have  ye  liberty  of  attend¬ 
ing  whom  they  please,  and  what  order  they  please,  or 
all  ye  diffr.  Lectures  in  a  term  if  they  think  proper.” 
(26e)  Hornberger  analyzes  the  program  as  follows: 
“The  procedure  .  .  .  was  to  set  up  degree  require¬ 
ments  and  then  abandon  all  machinery  except,  pre¬ 
sumably,  a  system  of  advice  for  ambitious  students 
and  some  kind  of  final  examination.”  (26f) 

The  degree  requirements  as  published  in  the  laws 
of  1792  were  as  follows:  “For  the  degree  of  Bachelor 
of  Arts,  the  Student  must  be  acquainted  with  those 
branches  of  the  Mathematics,  both  theoretical  and 
practical,  which  are  usually  taught  as  far  as  Conic 
Sections,  inclusive,  viz.  The  First  six  books  of  Euclid, 
plain  Trigonometry,  the  taking  of  Heights  and  Dis¬ 
tances,  Surveying,  Algebra,  the  11th  and  12th  books 
of  Euclid,  Spherics,  Conic  Sections:  must  have  ac¬ 
quired  a  knowledge  of  Natural  Philosophy  as  far  as  it 
relates  to  the  general  principles  of  Matter,  Mechan¬ 
ics,  Electricity,  Pneumatics,  Hydrostatics,  Optics,  the 
first  principles  of  Astronomy;  must  be  well  ac¬ 
quainted  with  Logic,  the  Belles  Letters,  Rhetoric, 
Natural  Law,  Laws  of  Nations,  and  the  General  Prin¬ 
ciples  of  Politics;  he  must  also  have  a  competent 
knowledge  of  Geography  and  of  Ancient  and  Mod¬ 
ern  Languages.”(13) 

Jefferson  said  that  although  modern  languages 


were  difficult  to  acquire  there,  “every  other  article 
can  be  as  well  acquired  at  William  and  Mary  as  at 
any  other  place  in  Europe.”  (20c) 

A  student  has  left  some  record  of  Madison’s  teach¬ 
ing  in  1809.  “It  suggests  that  he  kept  up  with  new 
subjects,  turning  his  attention  toward  chemistry 
rather  than  toward  astronomy.  He  was  somewhat 
more  theological  in  his  purposes  than  Winthrop  [at 
Harvard]  had  been.  Nevertheless,  his  course  had  in  it 
elements  familiar  to  the  present-day  student  of  phys¬ 
ics.”  (26g)  “His  enthusiasm  threw  a  peculiar  charm 
over  his  lectures  in  natural  philosophy.”  (51)  Dr. 
Rolf  G.  Winter,  of  the  Department  of  Physics  of 
William  and  Mary,  is  making  a  study  of  a  collection 
of  students’  notes  from  this  period  with  special  inter¬ 
est  in  the  teaching  of  President  Madison.  (53) 

During  the  revival  of  the  College  in  1779,  a  medical 
school  was  set  up  and  Dr.  James  McClurg  was  made 
Professor  of  Anatomy,  Medicine,  and  Chemistry.  Af¬ 
ter  three  years  the  school  was  closed,  but  Professor 
McClurg  was  retained  until  1800,  when  President 
Madison  wrote  to  Jefferson:  “The  Professorship  of 
Chemistry,  etc.,  has  not  been  actually  abolished;  but 
after  Dr.  McClurg  left  us  two  Professorships  of  Hu¬ 
manity  were  instituted  in  its  stead.  ...  At  present, 
however,  it  is  almost  impossible  to  say  what  will  be 
done.  The  Visitors  seem  to  have  abandoned  the  Col¬ 
lege.  We  have  not  been  able  to  obtain  a  Meeting  of 
them  for  five  years.  Such  is  the  attention  paid  to 
science.”  (30a) 

Although  the  record  shows  that  chemistry  was 
highly  regarded  at  William  and  Mary  in  1779,  Presi¬ 
dent  Madison  wrote  to  Thomas  Jefferson  ten  years 
later,  “We  have  no  literary  returns  to  make  to  you.  It 
seems  to  be  our  Fate  as  yet  to  look  to  Europe  for  the 
Light  of  Science.”  (30b) 

In  1801,  the  College  of  William  and  Mary  had 
professors  of  moral  and  natural  philosophy,  math¬ 
ematics,  ancient  languages,  modern  languages,  law, 
and  chemistry.  There  were  fifty-three  students.  The 
library  contained  3000  volumes.  The  scientific  appa¬ 
ratus  acquired  by  the  aid  of  William  Small  in  1765 
“stands  in  need  of  repairs  and  is  less  complete  than  at 
first.”  (26h) 

By  1800,  two  new  colleges  had  joined  William  and 
Mary.  In  1749,  the  forerunner  of  Washington  and 
Lee  University  was  founded  as  Augusta  Academy. 
This  institution  had  its  name  changed  to  Liberty  Hall 
in  1776  and  received  a  charter  in  1782.  It  became 
Washington  College  in  1813  and  Washington  and 
Lee  in  1871.  In  1800,  Liberty  Hall  was  just  beginning 
to  offer  college  work  and  was  said  to  have  good 
scientific  apparatus. 

Meanwhile,  Prince  Edward  Academy  had  become 
Hampden-Sydney  College  in  1776.  It  was  made  a 
college  by  the  legislature  in  1783.  In  1800,  the  College 
was  said  to  have  between  sixty  and  seventy  students, 
a  library  of  five  hundred  volumes,  and  “small  appa¬ 
ratus.”  (26i) 

As  the  eighteenth  century  drew  to  a  close,  we  find 
the  enthusiasm  for  science  that  had  been  inspired  by 
William  Small  and  revived  by  the  Reverend  James 
Madison  and  Thomas  Jefferson  now  struggling  for  its 
survival.  In  the  next  sixty  years,  however,  before  the 
Civil  War  brought  education  to  a  standstill,  there  was 
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a  revival  of  science  at  William  and  Mary,  the  estab¬ 
lishment  of  the  University  of  Virginia,  and  the  foun¬ 
dation  of  eight  new  colleges,  events  of  great  impor¬ 
tance  for  the  future  of  science  in  Virginia. 

Scientific  Societies 

Reference  has  been  made  to  William  Small’s  short¬ 
lived  scientific  society.  In  May,  1 773,  another  attempt 
was  made  to  establish  a  scientific  organization  in 
Williamsburg  with  the  promising  name  of  “The 
Society  for  the  Promotion  of  Useful  Knowledge.” 
(51)  John  Clayton,  the  botanist,  was  the  first  Presi¬ 
dent  of  the  Society.  The  Vice-President,  succeeding  to 
the  Presidency,  was  John  Page  (1743-1808).  (3,  18) 
Page  was  born  in  Gloucester  County  at  “Rosewell,” 
built  by  his  grandfather.  He  entered  the  Grammar 
School  of  William  and  Mary  at  the  age  of  thirteen 
and  graduated  from  the  Philosophy  School  in  1763. 
He  was  a  student  of  William  Small  and  a  friend  of 
Thomas  Jefferson,  with  whom  he  maintained  a  corre¬ 
spondence  for  fifty  years.  With  his  friend,  David 
Jameson,  Page  studied  astronomy.  From  his  home  he 
observed  the  transit  of  Venus,  in  1769,  using  a  pair  of 
“perspective  glasses”  made  by  the  English  craftsman 
Ayscough  and  a  Hadley  reflecting  quadrant.  In  1779, 
Page  suggested  the  identity  of  magnetism  with  elec¬ 
tricity  and  he  invented  an  instrument  for  measuring 
the  fall  of  dew  and  rain  to  1/300  inch.  (3)  He  said  of 
himself,  in  his  autobiography,  that  he  was  too  so¬ 
ciable  to  shut  himself  off  in  solitude  for  study  as  did 
his  old  friend  Thomas  Jefferson.  (18)  Nevertheless,  he 
was  elected  to  the  legislature,  served  as  Lieutenant- 
Governor  and  Governor,  was  congressman  from  Vir¬ 
ginia  from  1789  to  1797,  and  performed  other  serv¬ 
ices  for  his  state  and  his  country. 

The  Society  for  the  Promotion  of  Useful  Knowl¬ 
edge,  unfortunately,  did  not  survive  the  Revolution. 
An  attempt  in  1783  by  Monsieur  de  Beaurepaire  to 
organize  an  Academy  of  Arts  and  Sciences  in  Rich¬ 
mond  was  also  unsuccessful.  (24b)  Thus  Virginia  was 
left  without  the  stimulus  of  a  vigorous  scientific 
society  until  the  early  twentieth  century. 

The  Early  Nineteenth  Century 

After  the  turn  of  the  century,  physical  sciences 
were  gaining  a  secure  footing  in  Virginia  before  the 
cataclysm  of  the  Civil  War.  So  much  interest  devel¬ 
oped  that  Dr.  Lyon  G.  Tyler,  in  his  paper,  “Virginia’s 
Contribution  to  Science,”  written  in  1915,  was  led  to 
say,  “The  current  of  the  19th  century  sets  in  strongly 
and  the  limits  of  my  paper  confine  me  to  a  very  brief 
mention  of  names.”  (51) 

At  the  College  of  William  and  Mary,  James  Madi¬ 
son  remained  as  President  and  Professor  of  Natural 
Philosophy  until  his  death  in  1812.  In  this  year  John 
McLean  was  appointed  Professor  of  Chemistry. 
McLean  had  studied  with  Black  in  Edinburgh.  He 
had  also  studied  in  London,  and  then  in  Paris,  where 
he  met  Lavoisier. 

In  1795  he  became  the  first  Professor  of  Chemistry 
at  Princeton  University.  He  was  a  vigorous  pro¬ 
ponent  of  Lavoisier’s  views  on  combustion.  Unfortu¬ 
nately,  he  lived  only  two  years  after  arriving  in  Wil¬ 
liamsburg.  (18) 

The  remarkable  Rogers  family,  father  and  four 


sons,  brought  great  talent  to  science  in  America.  The 
father,  Patrick  Kerr  Rogers,  arrived  in  Williamsburg 
in  1819,  succeeding  Robert  Hare,  who  had  moved 
after  one  year  to  the  University  of  Pennsylvania. 
Rogers  had  fled  Ireland  after  the  repression  of  the 
Rebellion  of  1798,  in  which  he  had  participated.  He 
studied  medicine  and  chemistry  at  the  University  of 
Pennsylvania  then  “migrated  toward  Jeffersonian- 
ism.”  Rogers  and  his  four  sons,  James  Blythe,  Wil¬ 
liam  Barton,  Henry  Darwin,  and  Robert  Empie,  had 
a  profound  influence  on  the  course  of  physical  science 
in  America  and  especially  in  Virginia.  “They  were  a 
good-looking  and  closely  knit  set  of  men,  who  often 
collaborated  with  each  other  in  their  scientific  work; 
the  published  correspondence  between  William  and 
Henry  casts  important  light  on  the  scientific  growth 
of  America  during  the  pre-Civil  War  days.”  (49a) 

James  Blythe  Rogers  studied  under  his  father  at 
William  and  Mary,  studied  medicine,  then  turned  to 
chemistry  and  eventually  succeeded  Robert  Hare  as 
Professor  of  Chemistry  at  the  University  of  Pennsyl¬ 
vania.  Henry  Darwin  Rogers  also  received  his  early 
training  from  his  father.  He  taught  chemistry  for  a 
while,  became  a  geologist  and  collaborated  with  his 
brother  William  on  several  surveys.  He  moved  to 
Edinburgh  in  1855  and  was  appointed  Regius  Profes¬ 
sor  of  Natural  History  at  the  University  of  Glasgow, 
where  he  remained  until  his  death.  His  appointment 
marked  the  beginning  of  the  School  of  Geology  at 
Glasgow.  (18) 

William  Barton  and  Robert  Empie  Rogers  taught 
in  Virginia  and  we  shall  return  to  them  later. 

The  father,  Patrick  Kerr  Rogers,  has  been  de¬ 
scribed  as  “a  cultured  man  who  kept  alive  the  scien¬ 
tific  interest  aroused  by  Jefferson  in  the  natural  re¬ 
sources  of  Virginia.”  (49b)  We  have  some  idea  of  his 
teaching  from  a  book  that  he  published  in  1822,  “An 
Introduction  to  the  Mathematical  Principles  of  Natu¬ 
ral  Philosophy.”  (41)  Rogers  continued  the  tradition 
of  the  lecture  demonstration  and  was  able  to  obtain 
additional  apparatus  valued  at  $3000.  (32) 

When  Patrick  Rogers  died  in  1828,  his  second  son, 
William  Barton  Rogers,  assumed  his  post.  William 
had  studied  with  his  father,  had  attended  the  public 
schools  in  Baltimore,  and  had  graduated  from  Wil¬ 
liam  and  Mary  in  1822.  For  a  while,  he  and  his 
brother  Henry  conducted  a  school  at  Windsor,  Mary¬ 
land,  and  in  1827-28,  he  was  a  lecturer  at  the  Mary¬ 
land  Institute.  (18)  Student  notebooks  have  been 
preserved  that  give  an  insight  into  his  course  in 
chemistry  at  the  College  of  William  and  Mary.  No 
evidence  of  a  physics  course  has  been  found.  (32) 

When  William  Barton  Rogers  accepted  the  ap¬ 
pointment  as  Professor  of  Natural  Philosophy  and 
Geology  at  the  University  of  Virginia  in  1835,  his 
replacement  at  William  and  Mary  for  the  next  thir¬ 
teen  years  was  John  Millington,  the  son  of  an  English 
attorney.  After  a  varied  career  which  included  a  lec¬ 
tureship  at  the  Royal  Institution,  association  with 
Birbeck  and  the  Mechanics  Institution,  Millington 
was  appointed  by  the  University  of  London  the  first 
Professor  of  Engineering.  Because  the  Council  of  the 
University  refused  to  guarantee  a  salary  of  f  400  a 
year,  he  resigned  the  post  before  the  University  ac¬ 
tually  opened. (16) 
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His  biographer  says  of  him  that  he  “approached 
greatness,  though  at  a  respectable  distance,”  (18) 
only  to  spend  the  next  forty  years  in  restless  wander¬ 
ing.  Just  before  coming  to  Williamsburg,  he  con¬ 
ducted  a  shop  for  the  sale  of  scientific  “machines, 
instruments,  apparatus,  and  materials,”  in  Philadel¬ 
phia.  When  he  was  made  Professor  of  Chemistry, 
Natural  Philosophy,  and  Engineering  at  William  and 
Mary,  he  brought  some  of  his  equipment  with  him. 
Leaving  Virginia  in  1848  to  become  the  first  Professor 
of  Chemistry  and  Technology  at  the  University  of 
Mississippi,  he  eventually  was  impoverished  by  the 
Civil  War  and  found  his  way  to  Richmond,  where  he 
lived  with  his  daughter  until  his  death.  He  is  buried  in 
the  church  yard  of  Bruton  Parish  in  Williamsburg. 
(18) 

On  Millington’s  departure  from  William  and 
Mary,  his  duties  were  added  to  those  of  the  Professor 
of  Mathematics,  Benjamin  Ewell.  Ewell  was  able  to 
obtain  an  additional  $2000  worth  of  scientific  equip¬ 
ment  in  1848-50.  McKnight  says,  “From  this  and 
such  fragmentary  evidence  as  correspondence  be¬ 
tween  Ewell  and  Rogers  and  between  Ewell  and  ex- 
President  John  Tyler,  it  is  clear  that  science  continued 
to  enjoy  strong  support.”  (32)  Unfortunately,  on 
Tuesday,  February  8,  1859,  fire  destroyed  the  library 
of  20,000  volumes,  including  gifts  from  Sir  Isaac 
Newton  and  Louis  XVI  of  France.  Nearly  all  the 
scientific  equipment  was  destroyed. 

Rebuilding  the  College  was  undertaken  by  Ewell, 
who  was  then  President.  William  Barton  Rogers, 
from  Boston,  sent  “quite  a  handsome  collection  of 
apparatus.”  But,  McKnight  writes,  “The  rebuilt  Col¬ 
lege  never  really  had  a  chance  to  flourish.  The  seces¬ 
sion  of  Virginia,  which  John  Tyler  had  worked  so 
hard  to  avert,  came  about.  The  College  put  its  en¬ 
dowment  in  Confederate  war  bonds  and  faculty  and 
students  went  to  war  under  former  President,  now 
Colonel  Ewell.”  (32) 

Meanwhile,  an  event  of  great  importance  for  the 
future  of  science  was  the  founding  of  Thomas  Jeffer¬ 
son’s  University  of  Virginia.  With  the  aid  of  Joseph 
C.  Cabell  and  over  the  opposition  of  Charles  Fenton 
Mercer,  Jefferson  prevailed  upon  the  legislature  to 
underwrite  his  plans  for  a  state  university.  (14a)  It 
was  chartered  in  1819  and  its  doors  were  opened  in 
1825.  Virginius  Dabney  states,  “Its  invigorating  in¬ 
fluence  upon  education  in  the  South  exceeded  that  of 
any  other  university  throughout  the  nineteenth  cen¬ 
tury.”  (14a)  Historian  Herbert  Baxter  Adams  said, 
the  University  is  “the  noblest  work  of  Jefferson’s 
life.”  Thomas  P.  Abernathy  wrote,  “No  early  Ameri¬ 
can  save  Mr.  Jefferson  would  have  dared  to  house  a 
university  in  Roman  temples,  to  employ  a  majority  of 
foreign  professors,  to  exclude  the  clergy  and  all  their 
theologies.”  ( 14a) 

Jefferson  lived  slightly  more  than  a  year  after  the 
University  opened  its  first  session.  “He  rejoiced  to  see 
his  dream  come  true,  but  the  last  months  of  his  life 
were  saddened  by  the  riotous  behavior  of  the  stu¬ 
dents.  Their  conduct  grew  even  worse  somewhat 
later,  when  Gessner  Harrison,  chairman  of  the  fac¬ 
ulty  was  horsewhipped,  and  John  A.  G.  Davis,  his 
successor  as  chairman,  was  fatally  wounded  by  a 
pistol-wielding  undergraduate.”  (14a) 


Jefferson’s  interest  in  science  ranged  over  agricul¬ 
ture,  botany,  ethnology,  geography,  paleontology, 
and  others.  His  interest  in  chemistry  is  well  docu¬ 
mented.  (5)  His  library  contained  books  by  Chaptal, 
Duhamel,  Fourcroy,  Hales,  Ingen-Housz,  Lavoisier, 
Parmentier,  Rumford,  Scheele,  Wallerius,  Watson, 
and  other  prominent  chemists.  While  minister  to 
France,  during  the  years  1784-1789,  Jefferson  met 
many  of  the  European  scientists.  A  letter  written 
from  Paris  to  his  friend,  the  Reverend  James  Madi¬ 
son,  tells  of  his  predictions  for  the  future  of  chem¬ 
istry:  “Speaking  one  day  with  Monsieur  de  Buflfon, 
on  the  present  ardor  of  chemical  inquiry,  he  affected 
to  consider  chemistry  but  as  cookery,  and  to  place  the 
toils  of  the  laboratory  on  a  footing  with  those  of  the 
kitchen.  I  think  it,  on  the  contrary,  among  the  most 
useful  of  sciences  and  big  with  future  discoveries  for 
the  utility  and  safety  of  the  human  race.”  (5,  24c) 

While  he  was  Secretary  of  State,  in  March,  1791, 
Jefferson  carried  out  experiments  with  the  help  of 
David  Rittenhouse,  President  of  the  American  Philo¬ 
sophical  Society;  Casper  Wistar,  Professor  of  Chem¬ 
istry  at  the  College  of  Philadelphia;  and  James  Hutch¬ 
inson,  Professor  of  Chemistry  at  the  University  of 
Pennsylvania,  designed  to  test  the  proposal  by  Jacob 
Isaac,  of  Newport,  Rhode  Island,  for  a  novel  process 
of  obtaining  fresh  water  from  salt  by  distillation  us¬ 
ing  a  secret  additive.  The  experiments  showed  that 
the  secret  additive  was  not  necessary  to  the  process. 
This  “Report  on  the  methods  for  obtaining  fresh 
water  from  salt”  was  the  first  document  of  a  chemical 
nature  to  be  published  by  the  United  States  Govern¬ 
ment.  (6,  19a) 

Jefferson  sought  and  obtained  the  help  of  many 
people  in  the  establishment  of  his  university,  among 
them  the  Reverend  Joseph  Priestley,  who  had  es¬ 
caped  further  religious  persecution  in  England  by 
moving  to  Northumberland,  Pennsylvania,  in  1794. 
At  Jefferson’s  request,  Priestley  wrote  a  long  letter, 
which  he  titled,  “Hints  concerning  public  education,” 
offering  advice  concerning  the  curriculum  and  ad¬ 
ministration  of  the  University.  Among  the  nine  sub¬ 
jects  recommended  is  “Chemistry,  including  the  the¬ 
ory  of  agriculture.”  (46)  It  is  interesting  to  find  that 
many  of  Priestley’s  suggestions  were  adopted  by  Jef¬ 
ferson.  In  fact,  Jefferson  made  chemistry  even  more 
important  than  Priestley  had  envisioned  it.  In  a  letter 
to  the  first  Professor  of  Natural  Philosophy  at  the 
University,  Dr.  John  Patton  Emmet,  written  on  May 
2,  1826,  only  two  months  before  his  death,  Jefferson 
suggested  a  course  including  one  dozen  lectures  each 
in  botany,  zoology,  mineralogy,  and  geology,  and 
eight  dozen  lectures  in  chemistry.  “You  will  say  that 
two  thirds  of  a  year,  or  any  better  estimated  partition 
of  it,  can  give  but  an  inadequate  knowledge  of  the 
whole  science  of  Chemistry.  But  consider  that  we  do 
not  expect  our  schools  to  turn  out  their  alumni  al¬ 
ready  enthroned  on  the  pinnacles  of  their  respective 
sciences;  but  only  so  far  advanced  in  each  so  as  to  be 
able  to  pursue  them  by  themselves,  and  to  become 
Newtons  and  Laplaces  by  energies  and  perseverances 
to  be  continued  through  life.”  (5) 

Professor  Emmet  remained  at  the  University  from 
1824  to  1842.  He  began  the  tradition  of  research  and 
publication  that  has  characterized  the  Department  of 
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Chemistry  to  this  day.  During  his  eighteen-year  in¬ 
cumbency,  he  published  some  half-dozen  papers. 
(24d) 

In  1835,  William  Barton  Rogers  became  Professor 
of  Natural  Philosophy  and  Geology,  while  Emmet 
took  over  the  chemistry.  Rogers  also  was  official 
geologist  of  the  State.  Assisted  by  his  brothers,  he 
directed  the  Virginia  Geological  Survey  from  1835  to 
1842.  “He  was  a  popular  teacher,  able  to  fascinate  an 
audience  by  his  accounts  of  astronomy  and  geology, 
then  so  popular  in  the  country.”  (49c)  In  a  student’s 
account  of  one  of  his  lectures,  “At  this  period  of  his 
life  he  is  described  as  tall  in  stature,  ‘with  a  figure  of 
the  type  known  to  us  through  the  picture  of  Henry 
Clay;’  a  man  without  arrogance  but  of  a  singularly 
commanding  face,  and  without  a  peer  among  his 
fellow  scientists  in  addressing  an  intelligent  au¬ 
dience.”  (49d) 

With  his  brother  Henry,  William  ventured  into  the 
field  of  dynamic  geology,  proposing  a  theory  of  the 
unfolding  of  the  Appalachian  mountain  chain,  which 
they  presented  to  the  Association  of  Geologists  in 
Boston  in  1842.  (49e) 

William  Barton  Rogers  was  elected  Chairman  of 
the  Faculty,  a  position  then  equivalent  to  the  presi¬ 
dency.  “This  position  heightened  Rogers’  administra¬ 
tive  and  organizational  interests  and  afforded  him  the 
opportunity  to  evaluate  Jefferson’s  ideals  in  an  ex¬ 
panding  America.  These  ideals  stressed  the  full  use  of 
science  and  technology  for  the  betterment  of  man’s 
state.”  (49f)  In  a  report  on  the  state  of  the  University 
in  1845,  Rogers  praised  Jefferson’s  elective  system. 

While  at  the  University,  Rogers  published  a  few 
papers  in  physics,  covering  topics  in  electricity,  sound 
vortex  rings,  aurorae,  binocular  vision,  phosphores¬ 
cence,  and  others.  The  leading  American  physicist 
Joseph  Henry  said  of  him,  “He  is  one  of  those  who, 
not  content  with  retailing  the  untested  opinions  and 
discoveries  of  European  philosophers,  endeavor  to 
enlarge  the  boundaries  of  useful  knowledge  by  ex¬ 
periments  and  observations  of  his  own.”  (27b) 

Unhappy  with  developing  conditions  in  Virginia, 
Rogers  resigned  from  the  University  in  1853  and 
moved  to  Boston.  As  a  result  of  Rogers’  vigorous 
campaigning,  the  Massachusetts  legislature  in  1861 
granted  a  charter  for  the  Massachusetts  Institute  of 
Technology.  The  Institute  opened  its  doors  in  1865 
with  Rogers  as  its  first  President.  Rogers  retired  in 
1870  but  remained  associated  with  the  Institute,  dy¬ 
ing  during  a  commencement  address  that  he  was 
giving  to  a  graduating  class  in  1882. 

The  youngest  of  the  Rogers  brothers,  Robert  Em- 
pie,  succeeded  John  P.  Emmet  in  1842  as  Professor  of 
General  and  Applied  Chemistry  at  the  University. 
Robert  was  only  fifteen  when  his  father  died  and  he 
was  taken  in  charge  by  his  brothers  James  and  Wil¬ 
liam.  First  active  in  engineering,  he  turned  to  medi¬ 
cine,  graduating  from  the  University  of  Pennsylvania 
in  1836.  While  at  the  University  he  had  spent  much 
time  in  the  laboratory  of  Robert  Hare.  His  interest  in 
chemistry  finally  led  him  to  give  up  his  medical  prac¬ 
tice  to  become  the  first  chemist  of  the  Pennsylvania 
Geological  Survey,  of  which  his  brother  Henry  was  at 
that  time  the  head.  He  moved  to  the  University  of 
Virginia  to  accept  “a  position  involving  the  kind  of 


work  best  suited  to  his  tastes  and  abilities — teaching 
and  investigating.”  (18)  “His  teaching  was  character¬ 
ized  by  dexterity  in  experiment  and  lucidity  in  exposi¬ 
tion;  moreover  he  was  sincerely  interested  in  the  ev¬ 
ery-day  life  of  the  students  and  in  turn  was  beloved 
by  them.  His  investigations  during  this  period  were 
mostly  done  in  collaboration  with  his  brother  Wil¬ 
liam.  Together  they  devised  a  new  method  for  pre¬ 
paring  chlorine,  improved  processes  for  making  for¬ 
mic  acid  and  aldehyde,  and  perfected  a  method  of 
determining  carbon  in  graphite.  They  studied  the  vol¬ 
atility  of  potassium  and  sodium  carbonates,  the  de¬ 
composition  of  rocks  by  meteoric  water,  and  the 
absorption  of  carbon  dioxide  by  liquids,  the  last- 
named  investigation  being  a  helpful  contribution  to 
the  analysis  of  mineral  waters.  About  this  time,  with 
his  brother  James,  he  studied  the  alleged  insolubility 
of  copper  in  hydrochloric  acid  and  also  published  a 
textbook  of  chemistry  (1846),  a  compact  work  com¬ 
piled  from  contemporary  books  of  English  authors.” 
(18)  When  his  brother  James  died  in  1852,  Robert 
succeeded  him  as  Professor  of  Chemistry  at  the  Uni¬ 
versity  of  Pennsylvania. 

J.  Lawrence  Smith,  who  followed  Rogers  in  the  fall 
of  1852,  remained  at  the  University  only  one  year, 
resigning  in  1853  “to  live  on  his  income.”  During  that 
year,  he  and  his  assistant,  George  J.  Brush,  carried 
out  a  “Reexamination  of  American  Minerals,”  which 
was  published  in  a  series  of  papers  in  the  American 
Journal  of  Science  between  1853  and  1855.  They  also 
made  significant  contributions  to  analytical  methods. 

Smith,  who  had  studied  at  the  University  of  Vir¬ 
ginia  for  two  years,  1835-37,  had  received  the  M.D. 
degree  from  the  Medical  College  of  South  Carolina, 
and  had  spent  several  years  in  Europe,  studying  with 
such  teachers  as  Liebig,  Orfila,  Dumas,  and  Elie  de 
Beaumont.  Back  in  Charleston,  he  took  up  medical 
practice  and  became  interested  in  soils.  This  interest 
led  to  an  appointment  by  James  Buchanan,  then  Sec¬ 
retary  of  State,  as  advisor  on  cotton  culture  to  the 
Turkish  Empire.  On  arrival  in  Turkey,  he  became 
interested  in  mineral  resources  and  ended  making  a 
survey  of  emery  and  coal  deposits.  Returning  to  the 
United  States,  he  spent  two  years  studying  and  teach¬ 
ing  in  New  Orleans,  then,  in  1852,  he  came  to  the 
University  of  Virginia. 

After  leaving  Virginia,  Smith  worked  and  lectured 
at  the  Smithsonian  for  a  year,  then  spent  twelve  years 
as  Professor  of  Medical  Chemistry  and  Toxicology  at 
the  University  of  Louisville. 

Smith’s  bibliography  lists  145  separate  papers.  He 
was  President  of  the  American  Association  for  the 
Advancement  of  Science  in  1872  and  followed 
Draper  as  the  second  President  of  the  American 
Chemical  Society.  He  was  a  member  of  the  National 
Academy  of  Sciences.  He  was  decorated  by  France, 
Russia,  and  Turkey.  Benjamin  Silliman,  the  elder, 
considered  Smith  the  first  noteworthy  organic  chem¬ 
ist  of  America.  (18)  Smith’s  biographer  says  of  him, 
“Although  he  was  neither  magnetic,  charming,  nor 
eloquent,  and  never  a  great  teacher,  he  was  a  bold 
thinker  and  one  of  the  ablest  chemists  of  his  time.” 
(18) 

Socrates  Maupin,  a  native  of  Albemarle  County, 
succeeded  Smith  and  remained  at  the  University  for 
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eighteen  years.  He  had  graduated  from  Washington 
College  in  1828,  received  the  M.D.  from  the  Univer¬ 
sity  of  Virginia  in  1830,  and  had  stayed  on  to  study 
liberal  arts,  obtaining  the  M.A.  in  1833.  After  teach¬ 
ing  ancient  languages  at  Hampden-Sydney  College, 
he  was  for  a  while  the  principal  of  an  academy  in 
Richmond  and  then  head  of  his  own  classical  school. 
He  joined  in  the  founding  of  the  Medical  Department 
of  Hampden-Sydney  College  (later  the  Medical  Col¬ 
lege  of  Virginia)  and  in  1847  became  its  Dean.  He 
accepted  the  chair  of  Chemistry  and  Materia  Medica 
at  the  University  of  Virginia  in  1853  and  served  the 
University  until  his  death  in  1871.  He  was  chairman 
of  the  faculty  from  1854  to  1870,  the  longest  tenure 
on  record.  His  colleagues  on  the  faculty  said  that  “it 
was  largely  due  to  him  that  the  prostration  during  the 
war  was  not  a  fatal  and  remediless  blow  to  the  Uni¬ 
versity.”  (34) 

In  addition  to  the  courses  offered  by  Professor 
Maupin,  laboratory  work  in  analytical  chemistry  was 
available  as  early  as  1857  under  the  supervision  of 
Dr.  David  K.  Tuttle,  then  Instructor  in  Chemistry, 
who  remained  on  the  staff  until  1862. 

The  chair  of  Natural  Philosophy  was  assumed  by 
Francis  Henry  Smith  in  1852  and  he  remained  active 
until  1906.  He  used  the  lecture  demonstration 
method  of  teaching.  In  1870  he  introduced  a  course 
In  “Practical  Physics”  designed  for  students  who 
wished  to  become  teachers  of  the  subject.  It  was 
available  on  demand  and  covered  such  procedures  as 
the  construction  of  demonstration  apparatus,  the 
maintenance  of  equipment,  and  methods  of  measure¬ 
ment.  Instruction  was  also  available  in  the  theory  of 
measurements. 

Meanwhile  the  earliest  existing  catalogue  (1826)  of 
Washington  College  lists  Edward  Graham  as  Profes¬ 
sor  of  Astronomy,  Natural  Philosophy,  and  Chem¬ 
istry.  In  this  same  year,  the  John  Robinson  chair  of 
Natural  Philosophy  was  established.  Landon  C.  Gar¬ 
land  and  Joseph  W.  Farnum  were  incumbents  for 
short  terms.  In  1838,  George  Dod  Armstrong  became 
Robinson  Professor  of  Physical  Science.  He  used  the 
lecture  system,  illustrated  with  demonstrations  by  the 
professor.  The  catalog  lists  the  textbook  as  Turner’s 
Chemistry.  The  catalog  also  called  attention  to  a  “re- 
!  spectable  amount  of  chemical  and  philosophical  ap¬ 
paratus,  valued  at  $5000,  which  was  kept  in  good 
I  order.” 

In  the  opening  lecture  of  a  series  delivered  in 
Washington  College  in  1838,  Armstrong  refers  to  the 
!  youthfulness  of  chemistry  as  a  science  and  makes  the 
;  striking  statement  that  man  “had  noted  on  his  chart 
|  the  place  of  each  principal  fixed  star;  he  had  marked 
out  the  orbits  of  the  planets — before  he  was  ac¬ 
quainted  with  the  composition  of  the  water  with 
j  which  he  slaked  his  thirst.”  (24d)  Armstrong  resigned 
in  1851  to  become  the  pastor  of  the  First  Presbyterian 
Church  of  Norfolk,  where  he  remained  for  the  rest  of 
his  life.  He  was  succeeded  by  John  Lyle  Campbell,  a 
member  of  a  family  closely  related  to  the  College.  He 
!  served  for  thirty-five  years,  “becoming  one  of  the 
i  strongest  teachers  on  the  faculty. ”(23) 

Hampden-Sydney  College  has  had  a  professor  of 
;  chemistry  since  1821,  when  Jonathan  P.  Cushing  was 
,  appointed.  One  professor  destined  to  become  the  first 


President  of  the  American  Chemical  Society,  John 
William  Draper,  was  at  the  College  only  three  years, 
but  while  there  he  began  experiments  that  were  to 
bring  him  lasting  fame. 

Draper  majored  in  chemistry  at  the  University  of 
London,  studying  under  Edward  Turner.  Through 
the  courtesy  of  Professor  Alwyn  G.  Davies,  of  the 
Department  of  Chemistry  of  the  University  of  Lon¬ 
don,  we  have  received  a  copy  of  the  original  exam¬ 
ination  “for  prizes  and  certificates  of  honour,”  set  by 
Dr.  Turner  and  completed  by  John  W.  Draper  during 
the  session  1829-30,  with  pencil  marks  indicating  the 
questions  that  Draper  answered.  This  examination 
provides  an  interesting  insight  into  the  chemistry  of 
the  time.  The  original  examination  was  given  to  the 
University  of  London  by  Draper’s  great  grandson, 
Daniel  C.  Draper,  of  New  York.  (16) 

After  the  death  of  his  father,  Draper’s  family 
moved  to  Mecklenburg  County,  Virginia.  Deter¬ 
mined  that  John  should  study  medicine,  his  sister 
Dorothy  gave  him  the  money  to  attend  the  University 
of  Pennsylvania,  where  he  received  the  M.D.  in  1836. 
While  at  the  University  he  was  attracted  to  Robert 
Hare  and  spent  time  studying  chemistry  and  physics. 
The  invitation  to  become  the  Professor  of  Chemistry 
and  Natural  Philosophy  at  the  Hampden-Sydney 
College  enabled  him  to  “convert  experimental  in¬ 
vestigation,  thus  far  only  an  amusement,  into  the 
appropriate  occupation  of  his  life.”  (1,  18) 

Draper  was  a  pioneer  in  photography.  He  im¬ 
proved  Daguerre’s  method  by  adding  bromine  to  the 
iodine  in  the  process.  Bunsen  and  Kirchoff  recog¬ 
nized  Draper’s  leadership  in  spectrum  analysis.  He 
may  have  been  the  first  in  America  to  have  a  diffrac¬ 
tion  grating,  made  for  him  by  Joseph  Sarton  of  the 
U.  S.  Mint.  He  had  far-reaching  scientific  interests. 

Draper  moved  in  1839,  as  Professor  of  Chemistry, 
to  the  University  of  the  City  of  New  York,  later  New 
York  University.  There  he  made  substantial  contri¬ 
butions  to  the  development  of  the  medical  school,  of 
which  he  became  President  in  1850.  He  was  the  first 
President  of  the  American  Chemical  Society,  which 
was  founded  on  April  6,  1876,  at  the  “College  of 
Pharmacy  of  the  City  of  New  York,  University  Build¬ 
ing,  corner  Waverly  Place  and  University  Place.”  (44) 
The  Society  celebrated  its  Centennial  in  New  York 
City  on  April  4-9,  1976,  with  memorial  exercises  that 
included  the  placing  of  a  time  capsule  in  the  wall  on 
the  site  of  the  original  building. 

No  history  of  science  in  Virginia  would  be  com¬ 
plete  without  mention  of  Matthew  Fontaine  Maury, 
“The  Pathfinder  of  the  Seas.”  Matthew,  the  fourth  of 
five  sons  of  Richard  and  Diana  Maury,  was  born 
near  Fredericksburg.  When  only  five  years  old,  he 
was  taken  with  his  family  to  Tennessee,  near  the 
frontier  town  of  Franklin.  Following  his  brother’s 
lead,  he  secured  a  Midshipman’s  warrant  in  1825  and 
in  nine  years  made  three  important  cruises.  In  1834 
he  obtained  leave,  married  Ann  Hull  Herndon,  and 
published  “A  New  Theoretical  and  Practical  Treatise 
on  Navigation,”  which  appeared  in  1836  and  met 
with  immediate  favor.  This  resulted  in  his  promotion 
and  assignment  as  astronomer  to  the  Exploring  Expe¬ 
dition  to  the  South  Seas.  He  was  not  happy  with  the 
choice  of  leadership,  however,  and  obtained  reas- 
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signment  to  surveying  duty  in  the  harbors  of  the 
southeastern  states.  It  was  at  this  time  that  he  pub¬ 
lished  articles  critical  of  the  Navy,  using  the  pseudo¬ 
nym,  “Harry  Bluff.”  He  survived  this  episode  and 
was  made  Superintendent  of  the  Naval  Observatory. 
Maury’s  interests  were  mainly  in  the  hydrographic 
and  meteorological  aspects.  He  immediately  began 
his  research  on  winds  and  currents.  In  1847  he  pub¬ 
lished  his  “Wind  and  Current  Chart  of  the  North 
Atlantic,”  which  was  followed  by  the  “Abstract  Log 
for  the  Use  of  Americn  Navigators”  (1850),  and  “Ex¬ 
planations  and  Sailing  Directions  to  Accompany  the 
Wind  and  Current  Charts”  (1851 ).  Maury’s  title  was 
changed  in  1854  to  Superintendent  of  the  U.  S.  Ob¬ 
servatory  and  Hydrographic  Office. 

The  success  of  these  studies  encouraged  mariners 
to  cooperate  with  Maury  in  noting  winds  and  cur¬ 
rents.  Eventually  a  uniform  system  of  recording  ocea¬ 
nographic  data  was  adopted  by  the  International 
Congress  in  Brussels  in  1853,  largely  as  a  result  of 
Maury’s  labors. 

Mariners  who  used  these  charts  were  able  to  save 
fifteen  or  more  days  in  passage  from  New  York  to 
Rio  de  Janiero  and  their  value  was  spectacularly 
shown  during  the  gold  rush,  when  the  time  required 
between  New  York  and  San  Francisco  was  cut  from 
180  days  to  133  in  1855.  Other  reductions  resulted  in 
the  saving  of  million  of  dollars  annually. 

The  first  textbook  of  modern  oceanography.  “The 
Physical  Geography  of  the  Sea,”  which  went  through 
numerous  editions  and  half  a  dozen  translations,  was 
published  by  Maury  in  1855.  Maury  and  his  assis¬ 
tants  developed  methods  for  deep  sea  sounding  that 
permitted  the  construction  of  a  profile  of  the  Atlantic 
Ocean,  of  fundamental  assistance  to  Cyrus  Field  in 
the  laying  of  the  telegraphic  cable. 

Maury  received  many  honors,  In  fact,  he  was  so 
popular  that  his  peers  in  the  Navy  passed  him  over 
for  promotion.  Support  came  from  many  sources  and 
finally  the  President  of  the  United  States  made 
Maury  a  Commander  and  restored  him  to  the  Serv¬ 
ice.  (19b) 

Three  days  after  the  secession  of  Virginia,  on  April 
20,  1861,  Maury  resigned  his  commission  and  was 
immediately  made  Commander  of  the  Confederate 
States  Navy.  He  was  sent  to  England  as  a  special 
agent  and  was  in  the  West  Indies  when  the  Con¬ 
federacy  collapsed.  Amnesty  was  not  granted  to  rep¬ 
resentatives  abroad,  so  Maury  went  to  Mexico,  where 
he  hoped  to  bring  other  Confederates  to  form  a  col¬ 
ony.  The  scheme  was  abandoned  after  a  year.  Maury 
went  to  England,  where  he  resumed  work  on  electric 
mines  and  wrote  geographies  for  school  use.  He  was 
awarded  the  Ph.  D.  degree  by  Cambridge  University. 

Maury  returned  to  the  United  States  in  1868  as 
Professor  of  Meteorology  at  the  Virginia  Military 
Institute.  His  “Physical  Survey  of  Virginia,  No.  1" 
was  published  in  that  year.  Maury  taught  until  his 
death  in  1873. (18) 

The  Civil  War  brought  the  end  of  academic  life  in 
Virginia.  Faculties  were  dispersed,  buildings  were  of¬ 
ten  occupied  by  troops,  scientific  apparatus  was  re¬ 
moved,  and  restoration  of  the  institutions  after  the 
war  was  hampered  by  lack  of  funds.  Higher  educa¬ 
tion  reviewed,  however,  and  the  growth  and  matura¬ 


tion  of  scientific  studies  were  apparent  in  the  years 
before  World  War  I. 


Post-War  Recovery 

The  period  following  the  Civil  War,  before  1900, 
saw  the  beginning  of  fundamental  studies  in  astron¬ 
omy  at  the  University  of  Virginia,  the  clear  recogni¬ 
tion  of  physics  as  a  separate  discipline  in  the  schools, 
and  the  consolidation  of  chemistry  by  the  foundation 
of  the  American  Chemical  Society. 

The  future  of  astronomy  in  Virginia  was  estab¬ 
lished  in  1870,  when  Leander  J.  McCormick,  a  native 
of  Rockbridge  County,  offered  a  large  telescope,  first 
to  Washington  and  Lee  University,  which  could  not 
accept  it,  and  then  to  the  University  of  Virginia.  A 
dozen  years  passed  before  the  funds  necessary  to 
supplement  Mr.  McCormick’s  gift  could  be  secured. 
In  1882,  Ormond  Stone  became  the  first  Director  of 
the  Leander  McCormick  Observatory,  with  what  was 
at  that  time  the  largest  refracting  telescope  in  the 
world.  It  was  equipped  with  a  2614  inch  lens,  ground 
by  the  famous  Alvan  G.  Clark.  For  the  first  thirty 
years  the  telescope  was  used  with  considerable  suc¬ 
cess  as  a  teaching  tool.  (43b)  Research  was  stepped 
up  in  1913  under  S.  A.  Mitchell  and  has  been  acceler¬ 
ated  in  recent  years  with  the  opening  of  the  new 
observatory  on  Fan  Mountain. 

To  assist  Socrates  Maupin  with  applied  chemistry 
after  the  war,  an  outstanding  chemist  came  to  the 
University.  John  William  Mallet  was  born  in  Ireland, 
studied  chemistry  at  the  Royal  College  of  Surgeons, 
and  entered  Trinity  College  in  1849.  In  that  year  he 
published  a  “Notice  of  New  Chemical  examination 
of  Killinite”  in  the  Journal  of  the  Geological  Society 
of  Dublin. 

Mallet  earned  the  Ph.  D.  degree  under  Wohler  at 
Gottingen  in  1852.  The  following  year  he  was 
awarded  the  A.B.  degree  by  Trinity  College.  Mean¬ 
while,  he  had  assisted  his  engineer  father  with  experi¬ 
ments  on  velocity  of  shock-transmission  from  gun- 
owder  explosions  through  rock  and  loose  earth.  He 
ad  also  commenced  a  “Catalogue  of  Recorded 
Earthquakes  from  B.C.  1606  to  A.D.  1842,”  re¬ 
ported  to  the  British  Association  for  the  Advance¬ 
ment  of  Science. 

Coming  to  America,  Mallet  served  as  Assistant 
Professor  of  Analytical  Chemistry  at  Amherst  Col¬ 
lege  for  several  months  in  1854.  He  was  chemist  for 
the  State  Geological  Survey  of  Alabama  in  1855-56. 
In  1862  he  published  a  report  on  an  exhaustive  study 
of  the  cultivation  of  cotton.  When  the  War  broke  out, 
Mallet  enlisted  in  the  Confederate  Army,  served  as  an 
officer  under  General  Robert  E.  Rodes,  and  in  1862 
was  given  general  supervision  of  the  ordnance  labora¬ 
tories  of  the  Confederacy. 

Following  the  War,  after  surveying  petroleum  in 
Louisiana  for  some  northern  capitalists  and  teaching 
for  a  year  in  the  university  of  Louisiana  Medical 
School,  Mallet  was  appointed  in  1867  Professor  of 
Chemical  Technology  and  Agricultural  Science  at  the 
University  of  Virginia  and  given  charge  of  the  School 
of  Analytical  Chemistry  and  the  Chemical  Labora¬ 
tory.  At  that  time  Socrates  Maupin  was  Professor  of 
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Chemistry,  Francis  Henry  Smith  Professor  of  Natu¬ 
ral  Philosophy,  and  Charles  S.  Venable  Professor  of 
Mathematics.  With  the  exception  of  two  years,  1 883— 
1885,  when  he  taught  at  the  University  of  Texas  and 
the  Jefferson  Medical  College,  Mallet  remained  at  the 
University  of  Virginia  until  his  death  in  1912. 

As  a  lecturer.  Mallet  was  systematic,  concise,  and 
clear  in  his  presentation  and  explanation  of  facts.  He 
insisted  that  each  of  his  students  make  some  in¬ 
vestigations  and  add  his  fragment  to  the  sum  total  of 
knowledge. 

More  than  one  hundred  publications  are  listed, 
concerning  compounds,  minerals,  and  chemical  and 
physical  phenomena.  In  1881  Mallet  conducted  in¬ 
vestigations  of  drinking  waters,  which  were  published 
in  the  Annual  Report  of  the  National  Board  of 
Health.  Mallet  was  a  member  of  the  Assay  Commis¬ 
sion  in  1886,  1888,  and  1896.  He  was  a  member  of  the 
International  Committee  on  Atomic  Weights  in  1899, 
a  member  of  the  International  Congress  of  Applied 
Chemistry  in  Berlin  in  1903  and  in  Rome  in  1906.  In 
1877-78  Mallet  lectured  at  the  Johns  Hopkins  Uni¬ 
versity.  He  was  a  member  of  several  foreign  chemical 
societies,  was  a  Fellow  of  the  Royal  Society  of  Lon¬ 
don,  and  was  one  of  the  founders  of  the  American 
Chemical  Society,  of  which  he  was  President  in  1882. 
(18) 

By  the  end  of  the  nineteenth  century,  chemistry 
was  clearly  established  as  a  discipline  and  was 
strongly  supported  by  national  and  international  so¬ 
cieties.  Physics  was  a  separate  discipline.  According 
to  Professor  Hoxton,  research  in  physics  “in  a 
serious  way  began  in  1897  with  the  work  of  W.  J. 
Humphreys  on  the  pressure  shift  of  arc  spectra.” 
(27c)  Until  1888  geology  had  been  listed  in  the  cata¬ 
logue  under  Natural  Philsophy.  In  this  year  the  Cor¬ 
coran  School  of  Geology  was  established  with  Wil¬ 
liam  M.  Fontaine  as  Professor  of  Natural  History 
and  Geology. 

With  regard  to  mathematics,  Dean  T.  McNider 
Simpson  quotes  Dr.  H.  R.  Phalen,  then  of  the  faculty 
of  the  University  of  Virginia,  “It  was  no  accident  that 
in  later  life  Jefferson  saw  to  it  that  mathematics  held  a 
more  important  place  in  the  curriculum  of  the  Uni¬ 
versity  of  Virginia  than  it  enjoyed  at  other  American 
colleges  of  the  period.”  (43b)  Dean  Simpson  writes 
further,  “While  the  teaching  of  mathematics  in  Vir¬ 
ginia  colleges  has  been  competent  and  in  many  cases 
excellent,  research  in  pure  mathematics  was  little  em¬ 
phasized  prior  to  the  return  from  Europe  of  James 
Morris  Page.  Educated  at  Randolph-Macon  College 
and  a  student  of  the  Norwegian  Sophus  Lie  at  Leip¬ 
zig,  [Page]  joined  the  faculty  of  the  University  of 
Virginia  in  1896.  He  introduced  to  America  Lie’s 
method  of  application  of  parameters  and  groups  to 
the  study  of  differential  equations,  by  his  own  pub¬ 
lished  textbooks  on  the  subject  and  the  researches  of 
some  of  his  students.  His  duties  as  an  administrative 
officer  prevented  his  devoting  much  time  to  the  di¬ 
recting  of  research.  .  .  .  The  University  entered  its 
most  productive  period  of  research  in  the  middle 
thirties.”  (43b) 

Dean  Simpson  tells  another  interesting  story: 
“Possibly  the  most  distinguished  mathematician 
whose  name  is  associated  with  Virginia  is  J.  J.  Syl¬ 


vester,  once  Professor  of  Mathematics  at  the  Univer¬ 
sity  of  Virginia.  This  brilliant  and  eccentric  young 
Jew  came  to  the  University  from  the  faculty  of  the 
University  of  London  in  the  fall  of  1841,  but  he  soon 
ran  afoul  of  student  rudeness  which  he  was  unwilling 
to  tolerate  and  resigned  before  the  year  was  over. 
More  than  thirty  years  later  he  returned  to  America 
as  one  of  the  able  group  of  scholars  who  made  up  the 
first  faculty  of  the  Johns  Hopkins  University.”  (43c) 

In  1900  there  were  in  Virginia  some  twenty  in¬ 
stitutions  of  higher  learning.  Notable  among  them 
was  the  Virginia  Agricultural  and  Mechanical  Col¬ 
lege  (now  the  prestigious  Virginia  Polytechnic  In¬ 
stitute  and  State  University),  which  opened  its  doors 
in  1872  and  after  some  difficulties  was  well  estab¬ 
lished  by  1900.  Each  of  these  institutions  had  profes¬ 
sors  of  the  disciplines  making  up  the  physical  sci¬ 
ences.  A  fair  number  of  these  professors  were  actively 
engaged  in  research  and  many  others  devoted  to  it 
what  time  they  could  salvage  from  teaching  loads  and 
administrative  duties.  Their  story  makes  interesting 
reading. 

Looking  back  we  see  that  at  the  end  of  the  nine¬ 
teenth  century  the  physical  sciences  were  just  begin¬ 
ning  to  show  something  of  the  excitement  and  activ¬ 
ity  that  were  to  follow  in  the  twentieth  century. 
Stearns  writes,  “Americans  made  enviable  progress 
during  the  nineteenth  century  in  applied  sciences — in 
engineering  and  technology — but  it  was  the  twentieth 
century  before  they  equaled,  and  ultimately  sur¬ 
passed,  the  science  of  the  Old  World.”  (47d)  During 
the  first  three-quarters  of  the  twentieth  century,  activ¬ 
ity  in  the  physical  sciences  in  Virginia  increased, 
gradually  at  first,  then  at  a  rate  that  certainly  would 
have  astonished  even  the  most  optimistic  scientist  of 
the  nineteenth  century.  The  steady  progress  after 
World  War  I,  the  acceleration  during  and  after 
World  War  II,  and  the  post-Sputnik  “explosion”  all 
merit  a  chronicle  of  major  proportions. 
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A  Multiattribute  Utility  Function  For  Management 
of  a  Recreational  Resource1 


Abstract —  An  outdoor  recreational  experience  has  several  attri¬ 
butes.  Keeney’s  methodology  of  multiattribute  utility  functions 
was  used  to  discover  tradeoffs  between  attributes  and  the  impor¬ 
tance  of  increments  in  each  attribute  for  management  of  a  small 
rural  sport  fishery.  The  utility  function  describes  the  preference 
orderings  of  a  hypothetical  decisionmaker  such  as  a  regional  man¬ 
ager.  Using  the  methodology,  the  objective  function  for  manage¬ 
ment  of  a  recreational  stream  fishery  was  expressed  as  a  function  of 
species  of  fish  caught,  average  size  of  fish  caught,  average  number 
of  fish  caught,  and  average  number  of  anglers  on  the  stream  per 
day.  Alternative  sets  of  parameters  for  the  utility  function  were 
tested  in  a  simulation-optimization  model  to  show  sensitivities  of 
the  parameters  in  terms  of  the  optimal  management  strategy. 

Introduction 

Rational  management  of  a  recreational  natural  re¬ 
source  by  a  public  agency  requires  maximization  of 
an  objective  function  which  reflects  benefits  to  the 
user  as  well  as  to  society  as  a  whole.  The  objective 
most  often  used  by  public  agencies  is  user-day  max¬ 
imization  (McFadden  1969)  primarily  because  it  is 
easily  quantifiable.  However,  many  attributes  may 
enter  into  the  recreational  experience  (Moeller  and 
Engelken  1972).  In  the  example  of  a  recreational 
fishery,  important  attributes  of  an  individual’s  fishing 
experience  may  include  water  quality,  scenic  beauty 
of  the  area,  size,  number,  and  species  of  fish  caught, 
privacy,  support  facilities,  and  access  to  the  fishing 
area.  Moeller  and  Engelken  (1972)  found  in  their 
sample  that  anglers  consistently  ranked  privacy 
higher  than  either  number  or  size  of  fish  in  the  catch. 
Such  results  lead  us  to  conclude  that  user-days  is  a 
measure  of  benefit  to  the  agency  rather  than  to  the 
individual  user. 

An  alternative  procedure  for  developing  an  objec¬ 
tive  function  is  for  the  decision-maker  to  specify  cer¬ 
tain  measures  of  effectiveness  and  then  develop  a 
utility  function  governing  explicit  measures  or  attri¬ 
butes.  Given  such  a  utility  function,  the  expected 
utility  may  be  calculated,  and  this  would  be  the  objec¬ 
tive  function;  the  decision-maker  would  prefer  the 
alternative  with  the  greatest  expected  utility  (Halter 
and  Dean  1971,  Raiffa  1970,  Von  Neumann  and 
Morgenstern  1947).  Such  a  utility  function  is  an  ex- 

1  Financial  support  was  received  from  the  West  Virginia  Department  of 
Natural  Resources  and  the  National  Marine  Fisheries  Service  (PL88-309, 
Contract  No.  04-3-043-11).  We  gratefully  acknowledge  the  constructive 
criticisms  of  Dr.  Robert  B.  Jensen,  Virginia  Polytechnic  Institute  and  State 
University. 
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pression  of  preference  and  sufficient  conditions  for  its 
existence  may  be  verified  (see,  e.g.,  Henderson  and 
Quandt  1971:13). 

The  present  study  derives  a  utility  function  of  sev¬ 
eral  attributes  for  the  management  of  a  sport  fishery 
in  a  small  rural  stream  (Rich  Creek,  Monroe  County, 
West  Virginia)  using  the  model  and  procedures  of 
Keeney  (1974).  The  utility  function  describes  the 
preference  orderings  of  a  hypothetical  decision¬ 
maker,  such  as  a  regional  manager  employed  by  the 
West  Virginia  Department  of  Natural  Resources. 
This  utility  function  was  used  in  a  simulation-optimi¬ 
zation  model  in  which  maximization  of  the  sum  of 
utility  over  a  year  was  the  objective.  This  presenta¬ 
tion  will  focus  on  (1)  measurement  procedures  of  the 
utility  function;  (2)  tradeoff's  between  the  attributes 
of  utility  function;  an  (3)  ramifications  of  the  choice 
of  utility  parameters  in  terms  of  optimal  management 
strategy  for  the  stream. 

Study  Area 

Rich  Creek  begins  as  a  spring  rising  in  Monroe 
County,  West  Virginia,  and  runs  17.7  km  south,  pass¬ 
ing  through  Peterstown,  West  Virginia,  and  the  town 
of  Rich  Creek,  Virginia,  and  draining  into  the  New 
River.  The  Rich  Creek  watershed  has  an  area  of  85 
km2,  the  majority  of  which  is  pasture  land,  although 
some  of  it  is  planted  in  corn.  The  stream  is  character¬ 
ized  at  average  flow  by  water  depths  of  0.5  to  0.8  m 
and  an  average  width  of  4.7  m. 

The  stream  is  classified  as  a  marginal  trout  stream 
by  the  West  Virginia  Department  of  Natural  Re¬ 
sources.  Trout  are  available  from  two  sources:  (1)  the 
State  of  West  Virginia  regularly  stocks  the  stream 
with  trout  of  catchable  size  in  the  later  winter 
months,  and  (2)  a  few  trout  escape  during  high  water 
from  a  private  hatchery  located  at  the  headwaters. 
No  natural  reproduction  of  trout  occurs  in  the 
stream. 

Recreational  fisheries  in  the  stream  include  heavy 
angling  (300-500  angler  hrs/ac/yr)  for  trout  and  a 
small  amount  of  fishing  for  bluegill  and  smallmouth 
bass,  which  have  reproducing  populations  in  the 
stream. 

Field  studies  (Brandt  and  Schreck  1975)  were  de¬ 
signed  to  mimic  commercial  harvest  of  bait  species  by 
licensed  bait  fishermen  common  in  the  area.  These 
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fishermen  used  seines  and  traps  to  capture  live  bait 
which  was  sold  to  recreational  fishermen. 

Simulation  Model 

The  simulation  model  and  optimization  pro¬ 
cedures  are  considered  in  detail  by  Powers  (1975),  but 
a  summary  will  be  presented  here.  The  simulation 
model  consists  of  a  set  of  nonlinear,  time-dependent 
difference  equations  which  were  updated  at  24  stages 
of  simulated  time  with  each  stage  being  15  days  in 
length.  Thus,  the  time  was  approximately  1  year  (Jan¬ 
uary  to  December).  At  each  updating,  fish  popu¬ 
lation  abundance,  natural  mortality,  natality,  ration 
size,  growth,  average  weight,  and  biomass  were  calcu¬ 
lated  for  each  age-class  of  each  fish  species.  Catch  of 
each  fish  age-class  by  each  of  the  five  angler  cate¬ 
gories  (trout,  bluegill,  and  bass  anglers,  seine-users, 
and  trap-users)  was  also  calculated,  as  well  as  the 
concentration  of  fishermen  using  the  stream. 

The  following  decision  variables  governed  the  rate 
of  exploitation  of  fish  populations  by  commercial  and 
recreational  fishermen:  minimum  and  maximum  size 
limits  for  bluegill  and  smallmouth  bass;  possession 
number  limits  for  trout,  bluegill,  smallmouth  bass, 
and  baitfish;  stocking  rate  of  trout;  number  of  com¬ 
mercial  fishermen;  length  of  seines;  seine  and  trap 
mesh  size;  and  proportion  of  the  stream  open  to 
fishing.  These  variables  were  time-dependent  and 
were  integrated  into  appropriate  portions  of  the  sim¬ 
ulator. 

The  objective  of  the  optimization  problem  was  to 
find  the  combination  of  decision  variables  which 
maximizes  the  time-stream  of  utility  over  the  year; 
i.e.,  maximizes  the  sum  of  utility  over  the  24  time 
stages,  where  the  utility  function  represented  the  rec¬ 
reation  fishing  criterion  in  the  decision  problem.  In 
conjunction  with  this  objective,  three  terminal  (year- 
end)  constraints  were  considered:  (1)  a  limit  was 
placed  on  the  yearly  expenditures  (costs  of  stocking 
trout  in  the  stream);  (2)  a  minimum  level  of  catch  by 
commercial  baitfishermen  was  specified  (minimum 
level  of  the  time-stream  of  catch/seine/day);  and  (3) 
to  avoid  overexploitation  a  minimum  level  for  the 
yearend  value  of  an  ecological  diversity  index  was 
specified. 

The  optimization  algorithm  used  was  a  heuristic 
procedure  which  combined  aspects  of  search  by  re¬ 
gression  (Schmidt  and  Taylor  1972)  and  the  discrete 
maximum  principle  (Wilde  and  Beightler  1 967:425— 
444).  The  algorithm  involved  fitting  transition  func¬ 
tions  to  simulation  data,  and  then  solving  for  the 
approximate  optimal  policy  by  the  discrete  maximum 
principle.  With  the  newly  derived  policy,  a  new  simu¬ 
lation  was  performed  and  new  transition  functions 
were  fit.  The  interative  procedure  was  continued  until 
convergence  occurred.  A  more  detailed  account  of 
this  algorithm  is  given  by  Powers  (1975). 

The  Utility  Attributes 

Several  measures  of  effectivness  or  attributes  were 
chosen  to  reflect  the  recreational  fishing  experience  in 
the  utility  function.  These  were: 

Xx  =  fish  species  appearing  in  the  catch/angler/day 
X2  =  average  size  of  fish  in  the  catch/angler/day 


X3  =  average  number  of  fish  caught/angler/day 
X 4  =  number  of  anglers/day 

The  species  attribute,  Xu  was  defined  to  be  a  vector 
(A\TR,  A',80)  corresponding  to  trout,  small¬ 

mouth  bass,  and  bluegill,  respectively.  For  example,  a 
member  of  A'ITR,  called  X!TR,  could  only  take  on  the 
value  zero  if  no  trout  were  caught,  or  one  if  some 
trout  were  caught  (regardless  of  number),  and  sim¬ 
ilarly  for  XiSMB  and  Xj80  (Table  1).  Thus,  by  defini¬ 
tion  the  most  preferred  outcome  of  Xu  was  xx  = 
(1,1,1)  corresponding  to  all  three  species  appearing  in 
the  catch. 

X3  was  the  attribute  of  number  scaled  from  zero  to 
one.  The  scaled  value  of  x3  (a  member  of  X3)  was 
calculated  in  the  following  fashion:  let  us  say  the 
average  angler  caught  13  trout,  1  smallmouth  bass, 
and  3  bluegill.  From  Table  1,  it  can  be  seen  that  the 
maximum  number  he  could  have  caught  would  be  20 
trout,  20  smallmouth  bass,  and  30  bluegill.  When 
each  of  these  is  expressed  as  a  percentage  of  the 
maximum  and  then  averaged,  we  have  x3  =  (13/20  + 
1/20  +  3/30)/3  =  (0.80)/3  =  0.267. 

Similarly,  x2  (a  member  of  X2)  was  calculated  by  a 
weighted  average.  Assume  the  average  angler  caught 
3  trout,  each  10  inches  long,  4  smallmouth  bass,  each 
1 1  inches  long,  and  5  bluegill,  each  7  inches  long.  A 
10-inch  trout,  when  expressed  as  a  percentage  of  the 
possible  range,  is  equivalent  to  ( 10-8)/(  14-8)  or  0.333 
(Table  1).  Likewise,  an  11-inch  smallmouth  equals 
( 1 1  -9)/(  1 6-9)  or  0.286  and  a  7-inch  bluegill  is 
(7-5)/(  1 2-5)  =  0.286.  The  mean  scaled  length  for  all 
fish  caught  is  x2  =  [3(0.333)  +  4(0.286)  + 

5(0.286)](3+4+5);  i.e.,  x2  =  0.295.  Attributes  X2  and 
X3  were  scaled  from  zero  to  one  to  eliminate  their 
dependence  on  the  species  attribute. 

The  attribute  x4  was  a  measure  of  crowding  (or 
conversely,  privacy)  and  it  also  was  converted  to  a 


TABLE  1 

Utility  attributes  and  their  ranges 


Attribute 

Least 

desirable 

amount 

Most 

desirable 

amount 

Species  in  catch  ( Yes  =  1 ,  No  =  0) 

Y,TK:  trout 

0 

1 

A\SMB:  smallmouth  bass 

0 

1 

X,BG:  bluegill 

0 

1 

AY.  scaled 

0 

1 

Average  length  of  fish  caught  (inches)  /angler/day 
trout  8 

14 

smallmouth 

9 

16 

bluegill 

5 

12 

AY  scaled 

0 

1 

Average  number  fish  caught/angler/day 

trout 

0 

20 

smallmouth  bass 

0 

20 

bluegill 

0 

30 

AY  scaled 

0 

1 

Number  of  anglers/day 

(No./500  yd2/day) 

50 

0 

AY  scaled 

0 

1 

Recreational  Utility  Function 
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scale  of  zero  to  one  (Table  1).  For  example,  15  an- 
glers/500yd2/day  was  expressed  as  x4  =  (50- 15)/ 50  = 
0.7,  because  15  is  70%  of  the  range  for  X4. 

Given  the  four  attributes  which  contribute  to  our 
“quality  of  recreational  fishing”  criterion,  we  desired 
to  construct  a  utility  function  u(x u  x2,  x3,  x4)  =  u(x) 
reflecting  all  of  these  measures.  Experience  by  other 
investigators  (Keeney  1973)  has  indicated  that  vary¬ 
ing  more  than  two  attributes  simultaneously  makes 
utility  assessments  extremely  difficult  for  decision-; 
makers.  Therefore,  we  wished  to  identify  and  verify 
assumptions  that  would  allow  us  to  find  a  function  f 
such  that 

u(x)  =  J[Ui (xx),  u2(x 2),  u3(x3),  u4{x4)],  (1) 

where  Ui(Xi)  is  a  utility  function  over  attribute  Xt. 
With  the  assumptions  verified,  then  (1)  could  be  de¬ 
fined  by  measuring  the  ut(xt)  and  scaling  factors 
which  indicate  tradeoff's  between  atttributes.  The 
model,  assumptions,  and  assessment  procedures 
which  we  used  were  developed  by  Keeney  (1973, 
1974). 

Assumptions 

Let  X  =  X1  X  X2  X  X3  X  X4,  Xu  =  Xt  X  Xh  and 
X24-  =  Xi  X  X3  (read  as  “ex  not  two  four”).  Let  xbea 
member  of  X  and  x24_  a  member  of  X24~.  X is  the 
Cartesian  product  of  all  attributes  except  Xt  with  xt- 
being  a  member  of  T,_.  Designate  x°  as  the  least 
preferred  outcome  of  Xt  and  x,*  as  the  most  preferred 
outcome  with  Ut(xt°)  =  0  and  Ut(xt*)  =  1.  Also,  i/(xx°, 
x2°,  x3°,  x4°)  =  0  and  u(x4*,  x2*,  x3*,  x4*)  =  1. 

The  assumptions  which  allow  the  development  of 
(1)  are  preferential  independence  and  utility  inde¬ 
pendence.  Preferential  independence  implies  that  if 
an  outcome  (xx,  Xj,  xu-)  is  preferred  to  some  other 
outcome  (x/,  x/,  xtj-)  for  a  specific  xy_,  then  it  is 
preferred  for  any  xtJ-.  Utility  independence  implies 
that  preferences  for  lotteries  held  over  x,  with  x*_ 
held  fixed  do  not  depend  on  x,-_,  i.e.,  the  conditional 
utility  functions  over  Xt  are  positive  linear  transfor¬ 
mations  of  each  other  (Keeney  1974), 

u{xh  xt _ )  =  g(x,-)  +  h(Xi-)Ui(Xi)  (2) 

where  g  and  h  are  positive  scalar  functions. 

The  assumptions  were  verified  by  discussions  with 
several  members  of  our  Department  who  took  the 
role  of  decision-maker  during  these  interviews.  As  an 
example,  consider  whether  X2  (size  of  fish)  and  X3 
(number  of  fish)  are  preferentially  independent  of  Xx 
X  X4.  First,  we  fixed  Xu  at  a  fairly  desirable  level  (xx 
=  trout,  only;  x4  =  5  anglers/500  yd2/day).  Then,  we 
questioned  the  decision-maker  to  find  an  x3  such  that 
(x3;  11)  was  indifferent  to  (15;9);  i.e.,  x3  fish  caught, 
average  size  of  11  inches  was  indifferent  to  15  fish 
caught,  average  size  of  9  inches.  Let  us  say  the 
amount  of  x3  chosen  was  eight  fish.  The  exact  number 
was  not  important  for  verification,  only  its  change 
with  changes  in  the  other  attributes.  Next,  we  set  x14 
at  trout,  only,  and  30  anglers/500  yd2/day  and  re¬ 
peated  the  above  procedure.  Once  again,  the  amount 
of  x3  chosen  was  eight  fish.  Then,  we  changed  x14 
again  and  got  an  equivalent  answer  on  the  X3  scale. 
At  this  point  we  could  ask  if  the  value  of  x3  would 


hold  for  any  x23\  The  affirmative  answer  implied 
preferential  independence  of  X2  and  X3 

Similarly,  the  utility  independence  of  Xt  with  Xt_ 
was  verified.  Let  us  examine  the  utility  independence 
of  X4  (privacy)  with  X4-,  as  an  example.  First  xx  was 
set  at  trout,  only;  x2  at  9  inches;  and  x3  at  3  fish.  Then 
the  decision-maker  was  asked  for  an  x4  which  would 
make  him  indifferent  to  x4  anglers  for  certain  or  a  50- 
50  lottery  yielding  zero  anglers  or  50  anglers.  Let  us 
say  x4  =  five  anglers  was  chosen.  Next,  xx  was  set  at 
bluegill,  only;  x2  at  10  inches;  and  x3  at  20  fish.  The 
decision-maker  was  again  asked  for  the  number  of 
anglers  for  certain  that  would  make  him  indifferent  to 
the  50-50  lottery.  Five  anglers  were  chosen  again.  In 
general  the  decision-maker  agreed  that  his  response 
did  not  depend  on  fixed  amounts  of  T4_.  This  result 
plus  testing  of  other  lotteries  verified  that  X4  was 
utility  independent  of  X4~. 

Given  the  validity  of  the  two  assumptions,  Keeney 
(1974)  proved  that  the  utility  function  took  the  form 

u(x)  =  X  kiUiiXi)  +  K  2  2  kikjut(Xi)Uj(xj) 

+  E  X  kik jknUi(x i)Uj(x j)un(x ri) 

1=1  J>i  n>j 

+  •  •  ■  +  /C3^1^2^3^4m1(x1)m2(x2)u3(x3)w4(x4),  (3) 

where  the  kt  are  scaling  factors  (0  <  kt  <  1 )  and  K  is 
another  scaling  factor  (-1  <  K).  When  x<  =  xt*  and 
X;_  =  x  1 — 0 ,  i.e.,  when  attribute  /  is  at  its  most  preferred 
amount  and  all  other  attributes  are  at  their  least 
preferred  amounts,  then  «(x)  =  kt.  If  Z  kt  -  1,  then  K 
=  0  and  (3)  reduces  to 

u(x)  =  £  kiUi(Xi).  (4) 

otherwise,  when  Z  k,  ^  1  then  K  X-  0  and  (3)  can  be 
algebraically  manipulated  to  yield 

1  +  Ku(x)  =  jQ  [1  +  Kktut (jcr)]-  (5) 

The  species  attribute  Xu  was  defined  to  be  a  vec¬ 
tor  {XiTR,  XiSMB,  XxBG).  Therefore,  once  the  three 
elements  of  X4  were  shown  to  be  preferentially  and 
utility  independent,  ^(xj)  could  be  expressed  as 

Ui(x1)  =  2  CjUx{XxJ),  (6) 

j  =  T  R,SM  B,BG 

or 

1  +  Cu^xA  =  n  [1+  CcMxm  (7) 

j  =  TRySM  B,BG 

where  the  Cj  and  C  are  scaling  constants  equivalent  to 
kt  and  K  in  (4)  and  (5).  The  utility  over  attribute  x/  is 
denoted  by  u4(xij).  Since  x/  can  only  take  on  the 
values  one  or  zero,  corresponding  to  species  i  appear¬ 
ing  in  the  catch  or  not,  then  wffx/)  will  also  only 
equal  one  or  zero.  Therefore,  wx(xi)  was  completely 
defined  when  the  scaling  constants  Cj  and  C  were 
determined. 
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Method  of  Evaluating  Scaling  Factors 

As  was  mentioned  previously,  kt  =  u(x*,  x,_°). 
Therefore,  each  kt  could  be  evaluated  by  finding  the 
probability  p  at  which  the  decision-maker  was  indif¬ 
ferent  to  u(x i*,  x,_)  for  certain  and  a  lottery  offering 
«(-**)  with  a  probability  p  or  u(x°)  with  a  probability 
1  -  p.  The  results  yield 

u(xi*,  x,_)  =  />[«(•**)]  +  (1  -  p)K*0)]-  (8) 

Since  u{x*)  =  1  and  w(x°)  =  0,  then  (8)  reduces  to 
u(xt*,  x{_°)  =  p,  (9) 

and  the  scaling  factor  kt  is  equal  to  p.  Similar  pro¬ 
cedures  are  used  to  find  the  scaling  factors  c}. 

If  Ei  kt  1,  then  K  ^  0  and  must  be  evaluated. 
The  scaling  factor  K  may  be  found  numerically  by 
solving 

1  +  K  =  n  0  +  Kkt)  (10) 

for  K.  Equation  (10)  is  derived  from  (5)  when  all 
attributes  are  offered  at  their  most  preferred 
amounts;  i.e.,  x  =  x*.  If  Ei  &*  >  1 ,  then  - 1  <  K  <  0; 
and  if  E(^(  <  1,  then  K  >  0.  Thus,  (10)  may  be  easily 
solved  by  trial  and  error.  The  scaling  factor  C  may  be 
found  in  an  analagous  fashion. 

Utility  of  Each  Attribute 

The  utility  of  each  attribute  ut(Xj )  had  to  be  deter¬ 
mined  as  well.  Since  u i(xj)  was  completely  defined  by 
the  scaling  factors,  utility  assessment  was  only  needed 
for  X2,  ■'T 3,  and  X4.  The  model  chosen  to  express  this 
was 

ul(xt)  =  xt\  (/ =  2,3,4),  (11) 

where  6,  are  constants.  The  form  of  (11)  was  chosen 
because  we  desired  a  simple  smooth  function  which 
fit  the  boundary  conditions  for  x,  and  Wj(x,)  and  for 
which  estimates  of  the  parameters  could  be  easily 
made.  Since  part  of  the  study  was  to  determine  rami¬ 
fications  of  the  choice  of  parameters,  the  restrictive 
form  of  (11)  was  acceptable. 

The  utilities  could  be  assessed  by  asking  the  deci¬ 
sion-maker: 

( 1 )  What  certainty  equivalent  of  length  of  trout  (in 
inches)  would  make  you  indifferent  to  the  lot¬ 
tery  offering  a  14-inch  trout  and  an  8-inch 
trout,  each  with  equal  probability? 

(2)  What  certainty  equivalent  of  numbers  of  blue- 
gill/angler/day  will  make  you  indifferent  to  a 
lottery  offering  30  bluegill/angler/day  and  0 
bluegill/angler/day,  each  with  equal  probabil¬ 
ity? 

(3)  What  certainty  equivalent  of  number  of  other 
fishermen/500  yd2/day  will  make  you  indiffer¬ 
ent  to  a  lottery  offering  50  other  fishermen/500 
yd2/day  and  0  other  fishermen/500  yd2/day, 
each  with  equal  probability? 

The  responses  to  the  three  questions  when  scaled 
from  zero  to  one  may  be  termed  x2,  x3,  and  x4, 
respectively.  Then  w,(x,)  may  be  expressed  as 

«,(*,)  =  0.5[m,(x,*)]  +  0.5[w,(x,0)] 

=  0.5  i  =  2,  3, 4. 


Therefore,  using  (11) 

Ui{Xi)  =  0.5  =  xtbi, 
and  may  be  found  by 

bt  =  In  [0.5]/ln  [x]. 

Parameterization  of  the  Utility  Function 

A  utility  function  represents  the  decision-maker’s 
personal  preferences,  and  there  is  no  “right”  or 
“wrong”  associated  with  it.  However,  by  the  very 
nature  of  his  position  a  decision-maker  employed  by 
a  public  agency  is  required  to  make  value  judgements 
about  benefits  to  the  public  whom  the  agency  serves. 
In  all  likelihood,  preference  orderings  by  the  users 
will  not  be  consistent.  Even  if  they  were,  it  is  unlikely 
that  the  decision-maker’s  utility  responses  would 
completely  coincide  with  those  of  the  public.  There¬ 
fore,  by  definition  the  decision-maker  must  decide  on 
the  utility  responses  himself. 

However,  the  decision-maker  may  have  no  a  priori 
judgments  of  marginal  utilities  and  tradeoffs  which 
will  affect  public  benefits.  In  such  a  case  public  input 
may  be  desirable.  Sinden  (1974)  used  utility  measure¬ 
ments  of  members  of  the  public  to  valuate  recrea¬ 
tional  experiences.  Morris  (1974)  notes  that  prefer¬ 
ences  of  a  panel  of  experts  should  be  viewed  as 
information  by  the  decision-maker.  Therefore,  a 
sample  of  the  public’s  (panel  of  experts’)  preferences 
may  provide  input  to  the  decision-maker  before  he 
makes  his  utility  responses. 

Using  this  argument,  we  wished  to  have  some  pub¬ 
lic  input  into  the  utility  function.  Therefore,  we  sent 
225  questionnaires  to  residents  of  Monroe  County, 
West  Virginia,  who  had  purchased  fishing  licenses. 
Responses  to  the  questionnaires  provided  initial  esti¬ 
mates  of  the  scaling  factors  and  the  Wj(Xj).  In  order  to 
simplify  the  questionnaires,  the  technique  for  calcu¬ 
lating  the  ki  and  K  was  modified  (see  Appendix). 
However,  the  response  rate  to  the  questionnaires  was 
still  low  (11%),  indicating  the  difficulty  of  obtaining 
utility  information  from  questionnaires.  Interviews 
might  have  given  the  respondents  a  better  under¬ 
standing.  Also,  although  we  had  no  way  of  knowing 
if  the  respondents  were  representative  of  the  fishing 
public,  the  questionnaires  did  give  initial  indications 
of  feasible  parameter  values.  Use  of  these  initial  pa¬ 
rameters  and  subsequent  perturbations  in  the  simula¬ 
tion  model  were  designed  to  determine  if  physical  and 
biological  characteristics  of  the  stream  fishery  would 
show  some  of  the  utility  parameters  to  be  less  sensi¬ 
tive  than  the  others  in  terms  of  the  optimal  manage¬ 
ment  strategy. 


TABLE  2 

Parameter  values  for  the  utility  function 


Parameter  Value  Parameter  Value  Parameter  Value 


*,  0.384 

k2  0.473 

k,  0.449 

kA  0.424 

K  -0.833 


Ctr  0.800 

cSMB  0.750 

Cbg  0.600 

C  -0.976 


1.710 

0.387 

34.314 
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From  the  median  of  the  responses  to  the  question¬ 
naires,  initial  estimates  of  the  parameter  values  were 
made  (Table  2).  The  utility  of  attribute  size  [u2(x 2)], 
number  [m3(x3)],  and  privacy  [u4(x,)]  showed  increas¬ 
ing,  decreasing,  and  increasing  marginal  utilities,  re¬ 
spectively  (Figure  1).  The  marginal  utility  of  privacy 
was  highly  increasing,  indicating  that  reductions  in 
crowding  will  not  significantly  increase  utility  for  the 
median  respondent  unless  crowding  is  already  low. 
The  utility  for  the  outcomes  of  the  species  attribute 
[wiCxi)]  showed  that  trout  was  the  most  preferred 
species,  then  smallmouth  bass,  then  bluegill;  and 
combinations  of  the  three  reflected  this  initial  prefer¬ 
ence  (Table  3). 

The  rank  order  of  the  kt  derived  from  the  median 
questionnaire  response  showed  that  k2  >  k3  >  k4, 
indicating  privacy  was  less  important  than  numbers 
or  size  of  fish.  This  rank  order  and  the  highly  increas¬ 
ing  marginal  utility  of  privacy  found  from  the  median 
response  were  corroborated  by  observations  of  rather 
high  crowding  conditions  in  Rich  Creek  when  trout 
were  recently  stocked.  Tradeoff's  between  attributes 
and  indifference  curves  are  established  in  Figure  2. 

The  parameter  values  derived  from  public  input 
(Table  2)  completely  specify  the  form  of  the  utility 
function.  It  was  assumed  that  our  hypothetical  deci¬ 
sion-maker  would  first  test  these  parameter  values  in 
the  simulation  model,  and  next  test  alternative  values 
to  determine  the  sensitivity  of  the  parameters.  Since 
E  Cj  ^  1  and  T.  kt  ^  1,  the  proper  forms  of  the  utility 
functions  are  multiplicative  over  x  and  over  xf,  i.e., 
equations  (5)  and  (7).  Thus,  the  objective  was  to 
maximize  the  sum  of  (5)  over  all  24  time  stages;  i.e., 

24 

max  UT  =  ^  u(x u  x2,  x3,  x4).  (12) 

The  cumulative  sum  objective  (12)  carries  several 


LEAST  PREFERRED  MOST  PREFERRED 

UTILITY  ATTRIBUTES 

Fig.  1— Utility  derived  from  X2  (Size),  X3  (Number),  and  Xt 
(Privacy)  as  found  from  the  median  questionnaire  response. 


TABLE  3 

Utility  for  the  eight  outcomes  of  «i(x,) 


Species  in  catch 

«.(*.) 

trout 

smallmouth 

bass 

bluegill 

No 

No 

No 

(0,0,0) 

0.000 

No 

No 

Yes 

(0,0,1) 

0.600 

No 

Yes 

No 

(0,1,0) 

0.750 

Yes 

No 

No 

(1,0,0) 

0.800 

No 

Yes 

Yes 

(0,1,1) 

0.911 

Yes 

No 

Yes 

(1,0,1) 

0.932 

Yes 

Yes 

No 

(1,1,0) 

0.964 

Yes 

Yes 

Yes 

(1,1,1) 

1.000 

implicit  assumptions.  First,  since  time  is  not  an  attri¬ 
bute  in  the  utility  function,  no  discounting  takes 
place.  For  a  1-year  time-horizon  this  assumption 
seems  reasonable.  Secondly,  the  sum  assumes  that  a 
time  series  of  utility  of  (0.5,  0.5,  0.5)  is  equally  desir¬ 
able  as  one  of  (1.0,  0,  0.5);  i.e.,  no  disutilities  are 
associated  with  fluctuations.  This  may  not  be  valid  in 
many  instances. 

Simulation  Results 

We  tested  14  sets  of  utility  parameters  (Table  4)  in 
the  simulation-optimization  model,  including  the 
original  set  specified  in  Table  2.  Two  basic  manage¬ 
ment  strategies  evolved  from  these  optimization  ex¬ 
periments.  These  two  strategies  will  be  termed  the 
Multispecies  Strategy  (MS)  found  to  be  applicable  to 
Programs  VII  and  XIII  (Table  4)  and  the  Trout  Strat¬ 
egy  (TS)  found  for  all  other  programs.  These  terms 
are  not  meant  to  be  totally  descriptive,  but  rather 
they  are  used  to  establish  nomenclature.  The  time 
sequence  of  xt  (/  =  1,  2,  3,  4)  was  found  by  optimiza¬ 
tion  and  these  sequences  for  TS  and  MS  (exemplified 
by  Programs  I  and  VII,  respectively)  are  presented  in 
Figure  3. 

Trout  was  the  primary  exploited  species  in  TS  ex¬ 
cept  for  a  short  period  when  bluegill  were  also  har¬ 
vested.  The  numbers  harvested  gradually  increased 
over  the  year  due  to  an  increased  stocking  rate.  In¬ 
creased  angling  pressure  (time  stages  10-14)  caused 
all  of  the  trout  that  were  stocked  within  a  time  period 
to  be  caught  within  that  same  time  period.  The  fish¬ 
ery  became  a  “put  and  take”  trout  fishery.  Therefore, 
the  trout  had  no  opportunity  to  grow  in  size  while 
they  were  in  the  stream.  The  result  was  that  the  size 
attribute  (X2)  decreased  over  time.  After  time  stage 
12  all  of  the  fish  that  were  harvested  were  trout  and 
all  were  at  the  least  preferable  size,  i.e.  the  size  at 
which  they  were  stocked.  The  attributes  of  privacy 
(2f4)  and  numbers  (A'a)  increased  later  in  the  year  to 
compensate  for  the  small  fish  being  caught. 

Programs  VII  and  XII  produced  the  other  strategy 
(MS)  due  to  a  high  tradeoff  associated  with  size  of 
fish  (k2)  and  due  to  an  increasing  marginal  utility  for 
numbers  (b3>  1)  respectively  (Table  4).  When  b3>  1, 
more  fish/angler  are  harvested  early  in  the  fishing 
season  because  a  unit  increment  in  X3  will  produce  a 
more  than  1-unit  increment  in  utility.  To  allow  in¬ 
creases  in  X3,  all  species  were  harvested  during  stages 
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Fig.  2 — Tradeoffs  between  the  four  utility  attributes  and  the 
indifference  maps,  derived  from  median  questionnaire  response. 


9  and  10.  The  bluegill  and  smallmouth  bass  being 
caught  at  this  time  were  large,  thus  X2  was  high  as 
well. 

Conversely,  when  k2  is  high,  larger  fish  must  be 
harvested.  The  strategy  to  allow  this  (Figure  3)  was  to 
induce  exploitation  of  all  species.  Since  the  bluegill 
and  smallmouth  bass  were  in  abundance  during 
stages  9  and  10,  the  result  was  large  values  for  X3. 
This  argument  is  the  rationale  for  two  seemingly 
different  programs.  (VII  and  XIII)  producing  the 
same  management  strategy  (MS). 

The  Multispecies  Strategy  resulted  when  k2  was 
very  large  in  relation  to  the  other  kt  and  when  the 
marginal  utility  of  numbers  was  changed  from  de¬ 
creasing  to  increasing.  The  Trout  Management  strat¬ 
egy  was  less  sensitive  to  changes  in  other  utility  pa¬ 
rameters.  Recognizing  these  sensitivities,  the 
decision-maker  could  use  the  median  utility  parame¬ 


ters  of  the  public  sample  as  his  own  utility  parameters 
in  which  case  the  TS  would  be  expected  to  result.  If 
the  decision-maker  chose  to  modify  his  parameters 
according  to  Programs  VII  and  XIII,  then  the  MS 
would  be  expected. 

Conclusion 

An  outdoor  recreational  experience  such  as  sport 
fishing  will  have  several  attributes.  These  attributes 
should  enter  into  the  objective  function  in  the  man¬ 
agement  of  such  a  recreational  system.  Even  if  the 
uses  of  the  recreational  resource  by  people  preferring 
different  attributes  are  separated  “in  space  or  time,” 
the  manager  of  the  system  will  ultimately  have  to 
make  tradeoffs  between  attributes  when  allocating  his 
management  effort.  Keeney’s  methodology  (1974)  of 
multiattribute  utility  functions  described  herein  ap¬ 
pears  to  be  a  good  way  of  discovering  the  relative 
magnitude  of  these  tradeoffs  and  the  importance  of 
increments  in  each  attribute. 

We  have  described  the  use  of  this  methodology  in 
conjunction  with  a  simulation-optimization  pro¬ 
cedure  for  determining  management  strategies  for  a 
stream  fishery.  We  also  introduced  a  rational  basis 
for  including  public  input  into  this  process.  Although 
the  utility  function  reflected  only  one  criterion  (angler 
benefits)  in  this  particular  example,  other  criteria 
such  as  conservation,  commercial  fishermen  benefits, 
and  agency  benefits  could  be  included,  as  well.  Also, 
if  independence  can  be  shown,  these  criteria  could  be 
arranged  in  hierarchies  with  one  utility  function 
being  an  attribute  of  another.  If  several  attributes  are 
included  in  the  management  objectives,  the  public  is 
more  likely  to  obtain  the  quality  outdoor  recreational 
experiences  that  are  desired. 
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TABLE  4 

Optimal  cumulative  utility  ( UT* )  found  by  using  alternative  sets  of  utility  parameters  in  the  simulation  model 


Program 

Ctr 

CSMB 

cBG 

k2 

k3 

k. 

b2 

b3 

bt 

UT* 

1 

0.80 

0.75 

0.60 

0.384 

0.473 

0.449 

0.424 

1.710 

0.387 

34.314 

7.668 

II 

0.50 

— a 

— 

0.544 

0.331 

0.307 

0.282 

_ 

_ 

— 

6.860 

III 

0.50 

_ 

— 

0.486 

0.313 

0.283 

0.499 

_ 

_ 

— 

7.412 

IV 

_ 

0.50 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

— 

7.728 

V 

— 

0.90 

0.748 

0.116 

0.113 

0.109 

_ 

_ 

— 

7.143 

VI 

— 

— 

0.679 

0.237 

0.215 

0.194 

— 

— 

— 

7.386 

VII 

— 

— 

— 

0.467 

0.575 

0.272 

0.238 

— 

— 

— 
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VIII 

— 

— 

— 

0.470 

0.307 

0.540 

0.240 

— 

— 

— 
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IX 

— 

— 

_ 

0.556 

0.331 

0.209 

0.282 

_ 

_ 
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— 

_ 

0.473 

0.307 

0.274 

0.506 

— 

— 

— 

8.375 

XI 

_ 

— 

_ 

— 
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3.000 

— 

_ 

7.667 

XII 

_ 

_ 

_ 

_ 

_ 

_ 

_ 
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0.100 

_ 

9.099 

XIII 

_ 

_ 

_ 

_ 

_ 

— 

_ 

— 

1.500 

— 

8.001 

XIV 

- 

- 

- 

- 

- 

- 

- 

- 

5.000 

8.024 

a  Dash  denotes  the  same  numerical  value  as  in  Program  I. 
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Appendix 

Respondents  to  the  utility  questions  had  difficulty  in  interpreting 
the  scaled  attributes  X2  and  X3\  e.g.,  they  did  not  understand  that 
15  bluegill  and  10  smallmouth  bass  were  the  same  value  in  X3 
(Table  I).  Therefore,  the  questions  were  modified  to  avoid  this 
confusion. 

Remember  that  =  (jcitk,  XiSMB,  *iBG),  thus  the  notation  x,  = 
(0,  1,0)  denotes  smallmouth  bass,  only,  are  appearing  in  the  catch. 
Also  remember  X3i  =  X3  X  X4 ,  =  X,  X  X2,  x3*  is  the  most 

preferred  amount  of  A"3,  and  x3°  is  the  least  preferred  amount  of  X3. 

If  a  respondent  is  indifferent  to  x  for  certain,  and  a  lottery  of  x' 
with  a  probability  p  and  x"  with  a  probability  1  -  p,  then 

u(x)  =  p[u(x')}  +  (1  -  />)[«(*")]•  (A-l) 

The  values  of  kt  (/  =  1,  2,  3,  4)  and  K  were  found  from  the 
following  four  questions: 

1 .  Find  pi  such  that  the  respondent  was  indifferent  to  [jci  =  ( 1 ,  0, 
0),  atj  °]  for  certain,  or  a  lottery  offering  [jc3  =  (1,0,  0),  X]_*] 
with  a  probability  pi  and  [x!  —  (0, 0, 1 ),  Xi.°]  with  a  probabil¬ 
ity  1  -  pi. 

2.  Find  p2  such  that  the  respondent  was  indifferent  to  [xi  =  (0, 0, 
1),  x2*,  x34°]  for  certain,  or  a  lottery  offering  [xi  =  (1,  0,  0), 
x,-*]  with  a  probability  p2  and  [*,  =  (0,  0,  1),  x,_*]  with  a 
probability  1  —  p2. 

3.  Find  p3  such  that  the  respondent  was  indifferent  to  [xi  =  (0, 0, 
i),  x3*,  x24°]  for  certain,  or  a  lottery  offering  [xi  =  (1,0,  0), 
x,_*]  with  a  probability  p3  and  [x,(0,  0,  1),  Xj-0]  with  a 
probability  1  -  p3. 

4.  Find  pt  such  that  the  respondent  was  indifferent  to  [*!  =  (0, 0, 
1)  x*,  X23°]  for  certain,  or  a  lottery  offering  [x,  =  (1,0,  0), 
x,_*]  with  a  probability  pt  and  [x,  =  (0,  0,  1),  x,_°]  with  a 
probability  1  —  p4. 

Because  there  was  never  more  than  one  non-zero  element  in  x,, 
the  respondent  did  not  have  to  convert  number  and  length  scales 
from  one  species  to  another. 

From  the  first  question  and  using  (A-l),  we  obtain: 

«[x,  =  (1,  0,  0),  x !_ °]  =  pi{  1  +  KkiCTR)  (1  +  ATA:2)(1  +  Kk3) 

(1  +  Kkt)  +  (1  -  Pi)(\  +  KkiCna)  (A-2) 
From  (5)  and  (7)  in  the  body  of  the  paper  it  can  be  stated  that 

1  +  Ku[xi  =  (1,  0,  0),  x^0]  =  1  +  KkiCTR 
or 

u[xi  '=  (1,  0,  0),  x^0]  =  klCTR  (A-3) 


Fig.  3 — Time  sequence  of  optimal  attributes  found  by  the  simu¬ 
lation  model.  TS  is  the  Trout  Strategy,  MS  is  in  the  Multispecies 
Strategy.  Time  stage  six  corresponds  to  late  March  and  stage  18 
corresponds  to  late  September. 

When  (A-3)  and  (A-2)  are  equated,  we  get: 

kiCTH  =  Px(\  +  KkiCTR)(\  +  Kk2) 

(1  +  /a3)(  1  +  Kk<)  +  (1  -  />,)(!  +  KkiCBG) 


(A-4) 
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Similarly,  responses  to  questions  2,  3,  and  4  produce  probabili¬ 
ties  p2,  p3,  and  pt\  therefore, 

m[„v,  =  (0, 0,  1),  jc,*,  JC|,_]  =/>i(l  +/Gfc,cTB)(l  +  Kk2){\  +  Kk3){\  + 
Kkt)  +  (1  -  Pl)(l  +  KklCBG) 

(A-5) 

for  i  =  2,  3,  4.  We  know  from  (5)  and  (7)  that 


for  /  =  2,  3,  4.  Equating  (A-5)  and  (A-6)  gives 
kiCBG  +  k,+  k.k.CBc  =Pl{  1  +  ^iCtr)(1  +  ATA:2)(1  +  Kk3)(  1  +  Kkt) 
+  (1  -  />,)(1  +  A*,cbg)  (A-7) 

for  i  =  2,  3,  4.  We  also  know  that 

1  +  K  =  (1  +  Kkt)  (1  +  AA:2)(1  +  ATA:3)(1  +  Kkt).  (A-8) 


1  +  Auf*,  =  (0,  0,  1),  x,*,  Jen-0] 

=  (1  +  A^1c  BG)(1  +  Kkt) 
or 

«[*,  =  (0,  0,  1),  X JCu-°] 

=  k\CBG  +  kt  +  ktktcBGK  (A-6) 


Equations  (A-4),  (A-7),  and  (A-8)  are  five  equations  in  the  five 
unknowns  kt  (/  =  1,  2,  3,  4)  and  K.  These  may  be  solved  by  an 
appropriate  numerical  technique,  such  as  fixed  point  iteration 
(Conte  1965:43).  This  does  not  guarantee  a  unique  solution.  How¬ 
ever,  in  practice  several  choices  of  the  initial  kt  and  K  in  the 
solution  technique  produced  the  same  solution.  Also,  the  bounds 
on  kt  and  K  are  rather  closely  defined  (0  <  k,  <  1,-1  <  K). 
Therefore,  with  some  justification  it  was  assumed  that  the  solution 
obtained  was  unique. 
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A  Technique  for  Improving  Decision  Analysis 
in  Fisheries  and  Wildlife  Management 


Abstract —  Computer  implemented  modeling  has  clearly  benefited 
managers  in  industrial  and  military  management  positions.  Im¬ 
provements  in  the  cost  effectiveness  of  computer  use  should  allow 
fisheries  and  wildlife  managers  to  make  increasing  use  of  comput¬ 
erized  decision  models.  A  modeling  technique  developed  for  indus¬ 
trial  purposes  to  utilize  the  full  state  of  knowledge  of  a  decision 
problem  is  presented  here  and  proposed  for  use  in  fisheries  and 
wildlife  management.  The  technique  uses  the  Weibull  function  for 
subjective  probability  assignment  to  help  solve  the  problem  of 
making  decisions  based  upon  incomplete  or  inadequate  data. 

An  effective  and  realistic  fisheries  and  wildlife  man¬ 
ager  must  consider  economic,  political,  tech¬ 
nological,  and  biological  components  of  the  system 
he  manages.  Any  one  of  these  components  can  be 
difficult  to  understand,  so  it  is  no  surprise  that  fish¬ 
eries  and  wildlife  management  can  be,  and  usually  is, 
extremely  complex.  Management  personnel  would 
welcome  analytical  techniques  which  have  the  poten¬ 
tial  to  improve  efficiency  and  effectiveness.  Computer 
implemented  modeling  is  one  such  technique.  Simu¬ 
lation  and  other  types  of  modeling  can  be  applied, 
with  the  aid  of  a  computer,  to  help  identify  optimal 
decision  policies  for  complex  systems.  Computer  as¬ 
sisted  modeling  has  received  wide  application  in  the 
military  and  industrial  complexes  (Schmidt  and  Tay¬ 
lor  1970,  Raser  1972,  Taha  1971).  These  applications 
have  often  resulted  in  substantial  improvement  of 
management  efficiency  and  effectiveness. 

Most  decision-making  problems  in  fisheries  and 
wildlife  management  can  be  approached  in  a  fairly 
standard  manner  (Figure  1).  The  philosophy  under¬ 
lying  the  approach  to  problem-solving  outlined  in 
Figure  1  is  an  adaptation  of  the  classical  scientific 
method  with  an  added  dimension  of  time  (Lackey 
1974).  The  step  involving  evaluation  of  alternative 
management  strategies  is  particularly  amenable  to 
analysis  by  computer  implemented  modeling. 

Many  types  of  models  are  used  in  decision  analysis. 
Monte  Carlo  simulation  is  probably  the  most  com¬ 
monly  used  type  (Lamb  1967),  and  it  may  be  the  most 
useful  technique  for  fisheries  and  wildlife  managers 
(Clark  and  Lackey  1975).  We  will  focus  our  attention 
on  Monte  Carlo  simulation  in  this  paper. 

A  Monte  Carlo  simulator  produces  frequency  dis- 
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tributions  of  many  possible  outcomes  for  a  simula¬ 
tion  problem,  rather  than  providing  any  single  solu¬ 
tion.  Frequency  distributions  allow  calculation  of  an 
expected  outcome  or  mean,  as  well  as  a  variance.  A 
more  extensive  discussion  of  Monte  Carlo  simulation 
can  be  found  in  texts  by  Schmidt  and  Taylor  (1970), 
Raser  (1972),  or  Taha  (1971). 

Monte  Carlo  simulation  is  based  on  the  availability 
of  probabilistic  information  regarding  relevant  deci¬ 
sion  variables.  This  information  should  consist  of  a 
fairly  extensive  and  complete  data  set  for  each  vari¬ 
able.  The  data  are  usually  obtained  from  past  records 
or  through  experimental  analysis. 

One  of  the  problems  in  modeling  fisheries  and 
wildlife  systems  is  that  scientific  technology  is  pres¬ 
ently  unable  to  measure  or  quantify  many  fisheries 
and  wildlife  variables.  For  example,  one  of  the  major 
outputs  of  recreational  fisheries  is  angler  benefits,  but 
no  widely  accepted  measure  of  these  benefits  exists. 
Other  variables  which  can  be  measured  often  require 
unrealistic  and  unjustifiable  effort  by  biologists  and 
field  technicians  to  obtain  each  datum. 

Another  problem  is  that  experimental  analysis  of 
fisheries  and  wildlife  variables  may  be  impractical. 
Fisheries  and  wildlife  managers  have  economic  and 
political  constraints.  For  example,  it  would  not  be 
feasible  to  run  an  extensive  experiment  to  determine 
the  relationship  between  the  cost  of  a  fishing  license 
and  the  number  of  licenses  sold.  The  analysis  would 
require  different,  in  fact  random,  license  fees  to  be 
levied  each  year  for  5  to  10  years.  As  a  result,  the 
quantitative  information  necessary  for  decision  mod¬ 
els  in  fisheries  and  wildlife  management  is  usually 
incomplete. 

Managers  must  make  decisions  about  complex 
problems  despite  the  lack  of  quantitative  data.  Sub¬ 
jective  information  may  be  the  best  or  only  available 
information  upon  which  to  base  a  decision.  Even 
when  this  occurs,  it  should  benefit  managers  to  use  a 
systematic  approach,  including  use  of  models,  for  the 
particularly  complex  decision  problems. 

A  technique  of  probability  assignment  developed 
by  Lamb  (1967)  can  be  utilized  to  take  advantage  of 
subjective  information.  Decision  models  can  be  de¬ 
veloped  which  utilize  the  full  range  of  knowledge  of  a 
particular  decision  problem. 
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Fig.  I — General  fisheries  and  wildlife  management  decision-mak¬ 
ing  model  based  on  the  scientific  method  for  problem-solving 
[reproduced  from  Lackey  (1974)]. 


The  Weibull  Function 

Lamb  used  the  Weibull  probability  density  func¬ 
tion  (PDF)  because  of  its  desirable  analytical  proper¬ 
ties,  and  because  the  user  can  fit  the  function  to 
available  data,  along  with  his  personal  judgment 
about  the  behavior  of  a  variable.  The  Weibull  PDF  is 
capable  of  depicting  or  approximating  the  full  range 
of  unimodal  shapes  of  variable  distributions  (Figure 
2).  In  addition,  it  is  fairly  simple  mathematically. 

There  are  some  examples  of  the  use  of  the  Weibull 
PDF  in  natural  resource  management.  Bailey  and 
Dell  (1973)  summarize  the  history  and  literature  of 
the  Weibull  PDF  and  its  application  in  forestry.  Lob- 
dell  (1972)  applied  subjective  Weibull  distributions  in 
MAST,  a  linear  programming  model  for  wildlife 
agency  budget  allocation.  A  Monte  Carlo  simulator, 
PISCES,  has  been  developed  to  aid  planning  in  state 
fisheries  management  agencies  (Clark  and  Lackey 
1975).  PISCES  is  based  entirely  upon  subjective  Wei¬ 
bull  probability  distributions  to  describe  random  var¬ 
iables.  A  Monte  Carlo  simulator  of  walleye  popu¬ 
lation  dynamics  utilizing  Weibull  probability 
distributions  was  recently  developed  for  use  by  Texas 
Parks  and  Wildlife  Department.  This  model,  WALL¬ 
EYE,  has  been  used  with  considerable  success  for 
predicting  which  reservoirs  in  Texas  are  suitable  for 
walleye  fisheries. 


We  will  summarize  Lamb’s  development  of  the 
technique  for  using  the  Weibull  PDF  in  Monte  Carlo 
simulators  because  of  the  relative  inaccessibility  of 
his  paper. 

Low,  most  probable  (mode),  and  high  estimates  of 
a  random  variable  are  the  only  information  required 
to  fit  the  Weibull  PDF.  To  illustrate  the  technique  let: 

X  =  random  variable; 
p(X)  =  probability  density  function  for  X\ 

X0  =  mode  of  the  PDF; 

Xx  =  estimate  of  the  lowest  value  of  X  that  can 
occur; 


Fig.  2 — Three  possible  (and  likely)  unimodal  shapes  for  prob¬ 
ability  distributions  encountered  in  fisheries  and  wildlife  manage¬ 
ment  decision  analysis. 
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Pi  =  probability  that  X  is  less  than  Xx\ 

X2  =  estimate  of  the  highest  value  of  X  that  can 
occur;  and 

P2  =  probability  that  X  is  greater  than  X2. 

If  Pi  and  P2  are  assigned  extremely  small  values  so 
that  their  probabilities  are  essentially  zero,  then  Xx 
and  X 2  are  endpoints  of  a  range  of  possible  values  to 
which  the  variable  X  can  be  assigned. 

The  above  estimates  describe  properties  of  the 
probability  distribution  for  X  and  form  the  basis  for 
the  following  constraints: 

m\  _0  (1) 

dX  lXo 

Pi=  /  ‘  p{X)  dx^O  (2) 

P2  =  rP(X)dx^0  (3) 

J  x2 

Theoretically,  there  are  an  infinite  number  of 
PDF’s  which  would  satisfy  the  above  constraints. 
When  the  true  distribution  form  is  not  known,  the 
Weibull  distribution  can  be  assumed  for  convenience 
and  versatility.  The  three-parameter  Weibull  PDF 
can  be  written  in  the  form: 

p(xi  =  ^  (X  -  K )m~1  exp  [j-  (X  lK)  ]  (4) 
where 

X  >  K 
m  >  0 

and, 

m  =  shape  parameter 

L  =  scale  parameter 

K  =  constant 

Values  for  m,  K ,  and  L  can  be  approximated  for 
any  unimodal  variable  by  an  iterative  technique.  The 
family  of  Weibull  distributions  which  results  is  nearly 
symmetrical.  The  bell-shaped  normal  distribution  is 
approximated  when  the  shape  parameter,  m,  is  equal 
to  3.5.  For  higher  values  of  m,  the  distribution  as¬ 
sumes  a  skewed  shape  “tailing”  to  the  left,  and  for 
values  less  than  3.5,  the  distribution  tails  to  the  right. 

Once  the  three  parameters  for  the  Weibull  PDF 
have  been  determined  for  a  given  variable,  common 
methods  of  random  number  generation  (Schmidt  and 
Taylor  1970)  can  be  used  to  incorporate  the  distribu¬ 
tion  into  Monte  Carlo  simulators. 

Lobdell  (1972)  wrote  a  computer  program,  WEI- 
BUL,  to  generate  Weibull  distributions  for  a  linear 
programming  model.  We  revised  the  program  so  that 
it  can  be  used  with  a  process  generator  (random 
number  generator),  for  Monte  Carlo  simulators. 
WEIBUL,  written  in  FORTRAN  IV,  calculates  the 
parameters  of  a  Weibull  PDF,  given  low,  most  prob¬ 
able,  and  high  estimates  of  a  random  variable,  and 
then  the  parameters  are  used  in  another  subroutine 


RANDOM,  to  generate  a  random  value  within  the 
distribution.  The  program  listing  and  documenta¬ 
tion  are  available  from  the  authors. 

Discussion 

Computer-implemented  modeling  has  the  potential 
to  benefit  fisheries  and  wildlife  management.  It  has 
benefited  the  military  and  industrial  complexes,  and 
their  problems  are  as  complex  as  fisheries  and  wildlife 
problems.  With  today’s  advances  in  electronics,  com¬ 
putational  costs  are  relatively  low.  Cost  effectiveness 
of  computer  use  is  excellent,  and  continues  to  im¬ 
prove.  The  future  trend  of  computer  usage  by  fish¬ 
eries  and  wildlife  management  should  be  an  upward 
one. 

The  technique  developed  by  Lamb  (1967)  for  as¬ 
signing  probability  distributions  to  variables  should 
help  fisheries  and  wildlife  managers  incorporate  their 
full  range  of  knowledge  into  decision-making  models. 
This  technique  is  not  proposed  to  substitute  for  bio¬ 
logical  research,  management  research,  or  data  col¬ 
lection,  but  to  be  used  in  conjunction  with  these 
activities. 

A  good  rule  to  follow  is  to  assign  distributions  to 
variables  based  on  experimentation  and  hard  data 
whenever  possible.  Subjective  information  should  be 
used  when: 

(1)  the  event  concerning  the  variable  has  never 
occurred  in  the  past  and  experimental  analysis 
is  impractical; 

(2)  very  little  or  no  data  exist  for  the  event  con¬ 
cerning  the  variable  and  experimental  analysis 
is  impractical;  and/or 

(3)  no  data  for  the  event  concerning  the  variable 
can  be  obtained  prior  to  the  time  it  is  necessary 
to  render  a  terminal  decision. 

The  result  should  be  models  which  would  make  the 
best  predictions  from  the  available  information. 
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Shrews  (Insectivora:  Soricidae)  of  the 
Paddy  Knob-Little  Back  Creek  Area  of 
Western  Virginia 


Abstract —  We  sampled  small  mammals  periodically  from  1972  to 
1975  in  the  Paddy  Knob-Little  Back  Creek  area  of  Bath  County, 
Virginia.  Among  the  five  species  of  shrews  collected  were  speci¬ 
mens  of  the  water  shrew,  Sorex  palustris,  apparently  the  first  that 
have  been  captured  in  Virginia,  and  the  uncommon  long-tailed 
shrew,  S.  dispar.  The  other  species  were  Sorex  cinereus,  S.  fumeus 
and  Blarina  brevicauda. 

Bath  County  is  located  in  the  Ridge  and  Valley 
Province  of  the  Appalachian  Highlands  in  western 
Virginia.  On  the  north  it  borders  Highland  Co.,  Vir¬ 
ginia,  and  on  the  west  Greenbrier  and  Pocahontas 
Counties,  West  Virginia.  Possibly  suggestive  of  its 
remoteness,  topography,  and  vegetation,  Bath  was 
one  of  the  last  counties  in  Virginia  to  harbor  the 
mountain  lion  and  timber  wolf  (Handley  and  Patton 
1947).  The  area  included  in  this  survey  is  very  near 
Paddy  Knob,  elev.  1340.5  m,  in  northwestern  Bath 
County.  We  collected  in  a  grassy  wildlife  clearing 
approximately  0.8  km  below  Paddy  Knob,  and  along 
the  upper  drainage  of  Little  Back  Creek  beginning 
approximately  1.6  km  south  of  Paddy  Knob. 

The  wildlife  clearing,  elev.  1280.5  m,  is  on  a  narrow 
ridge  separating  the  James  River  (Little  Back  Creek) 
and  Ohio  River  (Bird  Run)  drainages.  Most  of  the 
1.6  hectare  plot  is  covered  by  timothy,  Phleum  pra- 
tense,  although  mats  of  wild  strawberry,  Fragaria 
virginiana,  are  present  in  much  of  the  field.  Spotty 
shrub  and  small  tree  growth  includes  blackberry, 
Rubus  sp.,  and  black  locust,  Robinia  pseudo-acadia. 
Black  locust  is  abundant  along  the  edge  of  the  sur¬ 
rounding  deciduous  forest.  A  man-made  pond  8  m 
by  15  m  over  which  we  misnetted  bats  is  located  at 
the  south  end  of  the  clearing. 

The  upper  valley  of  Little  Back  Creek  was  sampled 
at  elevations  ranging  from  about  915  to  1 160  m.  In  a 
zone  of  mixed  mesophytic  forest,  much  of  the  sam¬ 
pled  area  is  now  beech  forest.  In  decreasing  domi¬ 
nance,  the  five  most  abundant  trees  and  their  respec¬ 
tive  importance  values  as  determined  by  the  Point- 
Quarter  Method  (Cox  1967)  are  beech,  Fagus  grandi- 
J'olia,  (96.9);  yellow  birch,  Betula  lutea,  (48.6);  sugar 
maple,  Acer  saccharum,  (39.7);  black  oak,  Quercus 
velutina,  (28.7);  and  black  birch,  B.  lenta,  (23.4).  In 
addition  to  beech  and  sugar  maple  saplings,  the  un¬ 
derstory  includes  striped  maple,  A.  pennsylvanicum, 
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common  witch  hazel,  Hamamelis  virginiana,  and  wild 
hydrangea.  Hydrangea  arborescens.  Outcroppings  of 
barren  and  moss-covered  sandstone  including  several 
small  talus  slopes  are  present  on  the  sides  and  floor  of 
the  valley.  Fallen  trees  in  various  stages  of  decompo¬ 
sition  are  evident  throughout  the  area. 

The  only  long  term  climatological  data  available 
for  the  area  (Schworm  1941)  are  from  Marlinton, 
Pochontas  County,  West  Virginia.  Marlinton,  elev. 
649  m,  is  approximately  49  km  west  of  Paddy  Knob. 
The  mean  January  and  July  temperatures  are  -2.0 
and  20.0C,  respectively,  and  mean  dates  without  kill¬ 
ing  frosts  extend  from  16  May  to  3  October.  Average 
precipitation  at  Marlinton  ranges  from  a  low  of  7.4 
cm  in  November  to  about  12.5  cm  in  July. 

We  used  snap-back  traps  supplemented  with  live 
traps  and  sunken  can  traps.  A  mixture  of  peanut 
butter  and  rolled  oats  was  used  for  bait.  Mammals 
collected  were  prepared  as  standard  museum  skins 
and  skulls  or  skulls  only,  or  were  fluid-preserved 
whole,  and  are  deposited  in  the  Virginia  Common¬ 
wealth  University  Mammal  Collection.  Cranial  mea¬ 
surements  were  taken  as  described  by  Choate  (1972), 
and  were  recorded  to  the  nearest  0.1  mm,  using  dial 
calipers  and  a  binocular  microscope. 

Table  1  provides  the  general  sites  of  capture,  stand¬ 
ard  measurements,  and  selected  cranial  measure¬ 
ments  of  the  shrews  that  were  collected.  Numbers 
represent  total  captures  except  for  B.  brevicauda,  of 
which  twenty  were  collected  in  the  wildlife  clearing 
and  20  along  Little  Back  Creek.  On  the  basis  of 
trapping  effort,  500  trap  nights  in  wildlife  clearing 
and  2700  along  Little  Back  Creek,  Blarina  was  much 
more  abundant  in  the  wildlife  clearing. 

Our  specimens  of  S.  palustris  are  the  first  to  be 
recorded  for  Virginia,  although  Hooper’s  (1942)  S.  p. 
punctulatus  was  based  on  specimens  collected  nearby 
in  West  Virginia.  All  three  of  our  specimens  were 
taken  near  the  water,  one  in  a  trap  set  in  the  open  on 
top  of  an  emerged  rock  in  the  stream. 

The  rare  S.  dispar,  unknown  from  Virginia  until 
1955  (Handley  1956)  was  taken  in  talus  along  Little 
Back  Creek.  Schwartz  (1956)  summarized  known  rec¬ 
ords  of  S.  dispar  and  regarded  West  Virginia  and 
Virginia  as  a  region  of  intergradation  between  north¬ 
ern  and  southern  taxa,  S.  d.  dispar  and  S.  d.  blitchi. 
Hall  and  Kelson  (1959)  included  West  Virginia  and 
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TABLE  1 

Measurements  (in  mm)  of  shrews  captured  in  the  Paddy  Knob  area.  Measurements  of  males  (M)  and  females  (F)  in  the  samples  of  B.  brevicauda, 
S.  fumeus,  and  S.  cinereus  have  been  combined.  WC  designates  animals  captured  in  the  wildlife  clearing  and  LBC  animals  captured  along  or 

near  Little  Back  Creek 


Site  of  capture 

Condylobasal 

Maxillary 

Cranial 

Interorbital 

Species 

WC 

LBC 

Total  Length 

Tail  Length 

Length 

Length 

Breadth 

Breadth 

Blarina  brevicauda 

X 

X 

115.0 

25.0 

22.4 

7.8 

12.2 

5.7 

9F,  1M 

(110.0-125.0) 

(23.0-31.0) 

(21.9-22.9) 

(7.7-8. 1) 

(11.3-12.7) 

(5. 2-5. 9) 

10 

10 

10 

10 

10 

10 

Sorex  fumeus 

X 

X 

114.0 

46.0 

18.3 

5.2 

9.0 

3.7 

3F,  3M,  7? 

(111.0-117.0) 

(41.0-47.0) 

(18.0-18.8) 

(4. 6-5. 5) 

(  8. 9-9. 2) 

(3. 5-3. 9) 

7 

7 

7 

12 

7 

12 

Sorex  cinereus 

X 

X 

94.0 

38.0 

15.5 

4.1 

7.6 

3.0 

8F,  6M,  4? 

(  78.0-104.0) 

(32.0-41.0) 

(15.2-15.8) 

(4.0-4.3) 

(  7. 3-7. 9) 

(2.9-3. 1) 

14 

14 

14 

16 

16 

15 

Sorex  dispar 

F 

X 

117 

55 

17.8 

4.4 

3.4 

F 

X 

115 

53 

— 

— 

_ 

— 

M 

Sorex  palustris 

X 

120. 

56 

17.7 

4.3 

7.8 

3.5 

F 

X 

137 

63 

20.5 

6.0 

10.2 

4.0 

F 

X 

131 

66 

20.4 

6.2 

10.0 

3.9 

F 

X 

135 

66 

21.0 

6.2 

10.3 

4.0 

Virginia  in  the  range  of  S.  d.  dispar.  Cranial  measure¬ 
ments  of  our  specimens  are  closer  to  S.  d.  dispar,  and 
all  had  tail  length  (a  character  that  Schwartz  1956, 
used  for  allocation  of  specimens  to  subspecies)  within 
the  range  of  variation  in  S.  d.  dispar. 

Both  the  smoky  shrew,  S.  fumeus,  and  the  masked 
shrew,  S.  cinereus,  were  most  common  in  forested 
situations,  but  some  were  captured  in  traps  set  in 
runways  for  meadow  voles  in  the  wildlife  clearing.  As 
with  S.  dispar,  in  most  instances  S.  cinereus  and  S. 
fumeus  were  taken  in  traps  set  under  rocks  or  rotting 
logs  within  20  m  of  the  stream. 

Three  species  of  shrews  that  have  been  taken  in  the 
western  part  of  Virginia  although  rarely,  were  not 
found  in  this  study.  The  pygmy  shrew,  Microsorex 
hoyi,  is  very  rare  throughout  the  southern  portion  of 
its  range.  The  southeastern  shrew,  S.  longirostris,  and 
the  least  shrew,  Cryptotis  parva,  are  uncommon  at 
high  elevations  in  Virginia,  and  each  has  more  south¬ 
ern  affinities  than  do  the  species  of  shrews  captured  in 
this  study.  A  few  S.  longirostris  and  C.  parva  have 
been  taken  at  relatively  high  elevations  in  south¬ 
western  Virginia.  Odum  (1944)  reported  S.  long¬ 
irostris  from  1067  m  at  Mountain  Lake,  Giles  Co., 
and  Hooper  and  Cady  (1941)  captured  C.  parva  be¬ 
tween  884  and  945  m  in  Smyth  Co. 

Several  other  mammals  were  encountered  in  our 
study  area.  A  hairy-tailed  mole,  Parascalops  breweri, 
was  caught  by  hand  on  a  logging  road  along  the 
upper  valley  of  Little  Back  Creek.  Seven  species  of 
bats  were  misnetted  over  the  pond  in  the  wildlife 
clearing:  Myotis  lucifugus,  M.  keenii,  Pipistrellus  sub- 
flavus,  Eptesicus  fuscus,  Lasiurus  borealis,  L.  cinereus, 
and  Lasionycteris  noctivagans.  Except  for  one  speci¬ 
men  of  each  species  the  bats  were  released  after  cap¬ 
ture.  Chipmunks,  Tamias  striatus,  were  evident 
throughout  the  area.  The  red-backed  vole,  Cleth- 
rionomys  gapperi,  and  deer  mouse,  Peromyscus  ma- 
niculatus,  were  the  most  common  rodents  along  Little 


Back  Creek.  The  woodland  jumping  mouse,  Na- 
paeozapus  insignis,  was  collected  in  both  the  wildlife 
clearing  and  along  the  creek.  Meadow  voles,  Micro- 
tus  pennsylvanicus,  were  abundant  in  the  wildlife 
clearing. 
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A  Microelectrophoretic  Study  of  Red  Blood  Cells 


Introduction 

It  has  been  pointed  out  by  Riddick  (1968)  that 
coagulation  or  agglutination  of  red  blood  cells  can  be 
caused  by  ingestion  of  salts  of  multi-charged  cations 
and  in  particular,  aluminum  salts.  Such  coagulation 
may  be  relevant  to  an  understanding  of  some  cardio¬ 
vascular  diseases.  Coagulation  of  red  blood  cells  is 
presumed  to  occur  on  reduction  of  the  thickness  of 
the  electrical  double  layer  associated  with  the  cell  by 
gegenions  (counterions).  Although  such  behavior  has 
been  studied  quantitatively  in  non-biological  col¬ 
loidal  systems  like  AgBr  (Wiersma  et  al  1966),  Si02 
(Hunter  and  Wright  1971),  TiOz  (McGown  et  al. 
1965),  and  A1203  (Hunter  and  Wright  1971),  no  con¬ 
clusive  documentation  was  given  by  Riddick  for  the 
case  of  red  blood  cells  treated  as  colloidal  particles. 
In  addition,  it  is  known  that  aluminum  does  not  exist 
as  a  simple,  unhydrolyzed,  trivalent  ion  in  aqueous 
solution  at  physiological  pH(5). 

Various  aspects  of  the  red  blood  cell  have  been 
reviewed  recently  (Surgenor  1974,  1975).  The  ioniza¬ 
tion  of  sialic  acid  (N-acetylneuraminic  acid)  on  the 
major  red  cell  glycoprotein  is  responsible  for  most  of 
the  negative  charge  at  the  red  cell  surface  (Eylar  et  al. 
1962).  The  electrical  potential  associated  with  the 
surface  of  red  blood  cells  can  be  deduced  in  several 
ways  but  microelectrophoresis  is  probably  the  most 
precise  experimental  technique.  The  electrokinetic 
behaviour  of  red  blood  cells  has  been  reviewed  very 
thoroughly  with  particular  emphasis  on  micro¬ 
electrophoresis  (Seaman  1975).  It  is  important  to 
note  that  the  electrical  potential  at  the  surface  of  the 
red  blood  cell,  fo,  is  not  determined  by  micro¬ 
electrophoresis,  but  rather  the  zeta  potential,  f,  is 
obtained.  The  zeta  potential  is  the  electrical  potential 
at  the  plane  of  shear  between  the  cell  and  the  sus¬ 
pending  medium  as  the  cell  undergoes  elec¬ 
trophoresis.  The  location  of  this  plane  of  shear  is  not 
known  precisely  but  it  is  generally  accepted  that  < 
i p0  (Shaw  1970). 

Inconclusive  results  were  obtained  in  our  initial 
studies  of  the  coagulation  of  red  blood  cells  (Duncan 
1974)  in  which  chick  embryos  were  directly  injected 
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with  small  volumes  of  salt  solutions  followed  by  mi¬ 
croscopic  examination  for  agglutination.  The  present 
work  was  undertaken  to  determine  the  effect  of  dif¬ 
ferent  salts  and  the  concentration  of  these  salts  on  the 
zeta  potential  of  human  red  blood  cells  as  calculated 
from  mobilities  measured  by  microelectrophoresis. 


Experimental 

Apparatus:  Electrophoretic  mobilities  of  the  red 
blood  cells  were  measured  in  a  microelectrophoresis 
apparatus.  The  apparatus  contained  a  modified  Matt¬ 
son  cell  (Mattson  1933)  consisting  of  a  constant  bore 
capillary  tube  (inside  diameter:  2.5  mm)  with  plati¬ 
nized  platinum  sheet  electrodes  fitted  into  the  ends  of 
the  cell  by  ground  glass  joints.  The  ultramicroscope 
illuminated  the  particles  at  right  angles  to  the  viewing 
direction.  Scattered  light  from  suspended  cells  in  the 
focal  plane  of  the  microscope  passed  into  the  micro¬ 
scope  objective.  The  eyepiece  of  the  microscope  con¬ 
tained  a  graticule  and  by  measuring  the  time  required 
for  a  bright  point  of  scattered  light  (a  red  blood  cell) 
to  traverse  the  known  graticule  spacing  (55  ^m),  the 
electrophoretic  velocity  was  calculated. 

Materials:  Aldehyde-fixed  (Haydon  and  Seaman 
1967)  human  red  blood  cells  were  obtained  from  Dr. 
J.  W.  Goodwin,  University  of  Bristol.  8  ml  of  the 
stock  suspension  were  alternately  centrifuged  and 
washed  three  times  with  physiological  saline  solution 
(0.145  M  NaCl;  0.01  M  NaHC03).  Sufficient  saline 
solution  was  added  to  the  washed  erythrocytes  to 
make  100  ml  of  suspension  A.  One  ml  of  suspension 
A  was  diluted  with  saline  solution  to  make  100  ml  of 
suspension  B.  Samples  of  suspension  B  were  used  in 
the  micro-electrophoretic  measurements.  A  SEM 
photomicrograph  of  red  blood  cells  (suspension  B)  is 
shown  in  Figure  1.  The  biconcave  discoid  shape  of 
normal  red  blood  cells  is  apparent  from  the  photo¬ 
micrograph.  The  irregular  shape  of  a  few  of  the  cells 
in  Figure  1  is  caused  by  ATP  depletion  (Weinstein 
1974).  The  vast  majority  of  the  cells  examined  were  of 
normal  shape  as  seen  in  Figure  1 .  Suspension  B  of  the 
aldehyde-fixed  cells  used  in  the  electrophoresis  stud¬ 
ies  contained  8.6  X  104  cells  cc_1  as  determined  with  a 
Coulter  counter. 

20  cc  of  human  blood  (group  O  Rh-positive)  were 
placed  in  refrigerated  (4°C)  5%  sodium  citrate  solu¬ 
tion  on  collection.  The  suspension  was  alternately 
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centrifuged  and  washed  three  times  with  refrigerated 
saline-phosphate  buffer  solution  (0.135  M  NaCl, 
0.020M  Na2HP04).  The  washed  erythrocytes  were 
suspended  in  saline-phosphate  buffer  solution  at  an 
equivalent  concentration  to  that  used  for  the  fixed 
cells.  The  microelectrophoresis  measurements  were 
made  within  48  hrs  of  sampling. 

Solutions  were  made  up  by  dilution  with  distilled 
water  of  appropriate  quantities  of  CaCl2  (BDH 
Chemicals  Ltd.),  La(N03)3-6H20  (Hopkin  Williams 
Ltd.)  and  A1(N03)3  +  HzO  (BDH  Chemicals  Ltd.) 
which  were  used  as  received. 

Procedure:  The  thermostatted  cell  was  filled  with 
saline  solution.  The  microscope  was  focussed  on  the 
front  and  back  faces  of  the  cell.  The  distances  tra¬ 
versed  were  noted  on  a  vernier  scale.  The  microscope 
was  then  advanced  to  focus  on  a  plane  within  the  cell 
located  at  a  distance  of  0.293r  from  the  inner  wall 
where  r  is  the  radius  of  the  cell.  This  distance  corre¬ 
sponds  to  the  location  of  the  so-called  stationary 
plane  where  velocity  of  liquid  transported  by  electro¬ 
osmosis  is  zero  and  particle  motion  is  due  solely  to 
electrophoresis  (Mysels  1959). 

Suspension  B  was  kept  in  a  thermostatted  bath 
(25°C)  prior  to  the  microelectrophoretic  measure¬ 
ments.  The  thermostatted  cell  (25°C)  was  washed 
repeatedly  with  saline  solution  which  had  been  stored 
at  25°C.  About  8  ml  of  suspension  B  was  added  to 
the  cell.  The  electrodes  were  inserted  and  the  voltage 
applied.  Only  those  red  blood  cells  seen  as  bright 
spots  were  chosen  for  timing.  After  timing  one  par¬ 
ticle,  the  polarity  was  reversed,  to  reduce  the  effect  of 
electrode  asymmetry  and  another  particle  selected  for 
timing.  This  process  was  repeated  6  times  for  a  total 
of  14  particles.  The  motion  of  the  particle  as  viewed 
in  the  microscope  is  upwards  since  the  particle  is 
simultaneously  undergoing  electrophoresis  and  gravi¬ 
tational  settling. 

Results  and  Discussion 

Electrophoretic  mobilities  (u)  of  red  blood  cells 
were  calculated  as  the  ratio  of  v  to  X  where  v  is  the 
measured  velocity  in  cm  sec-1  and  X  is  the  field 


Fig.  1 — SEM  photomicrograph  of  red  blood  cells. 


TABLE  1 

Calculated  mobilities  and  zeta  potentials  of  red  blood  cells 


Suspending  Medium 

u(/im  sec“1V’lcm) 

f(mV) 

0.145  M  NaCl 

-1.18  ±0.04 

-15.7  ±0.5 

2.27  X  10~3M  Ca(II) 

-1.12 

-14.9 

5.40  X  I0_3M 

-0.99 

-13.2 

1.14  X  10'2M 

-0.92 

-12.2  ±0.2 

2.37  X  10‘2M 

-0.62 

-  8.2  ±0.1 

2.08  X  10-6M  La(III) 

-0.95 

-12.6 

6.0  X  10-5M 

-0.74 

-  9.8 

2.50  X  10_4M 

-0.69 

-  9.2 

6.21  X  10_4M 

-0.60 

-  8.0 

1.25  X  10~3M 

-0.52 

-  6.9  ±0.2 

2.52  X  10~3M 

-0.42 

-  5.6  ±0.2 

2  X  10‘5M  A1(I1I) 

-0.66 

-  8.8  ±0.4 

6  X  10'5M 

±1.00 

±13.3 

2  X  10-M 

±1.51 

±20.1 

6  X  10^4M 

±1.60 

±21.3  ±  0.1 

strength  defined  as  the  ratio  of  the  applied  voltage  to 
the  electrical  length  of  the  cell.  An  applied  voltage  of 
90  V  was  used  in  all  measurements  and  the  electrical 
length  of  the  cell  of  17.2  cm  was  determined  in  a 
separate  experiment.  The  calculated  value  of  mobility 
of  red  blood  cells  in  physiological  saline  solution  at 
25°C  is  given  in  Table  I.  This  value  is  in  good  agree¬ 
ment  with  the  reported  value  of  —1.08  /urn  sec-1  V-1 
cm  (Seaman  1975).  Calculated  values  of  the  mobility 
and  zeta  potential  of  fresh  red  blood  cells  were  — 1.10 
pm  sec-1  V”1  cm  and  -14.7  mV,  respectively. 

Zeta  potentials  are  related  to  the  measured  mobil¬ 
ity  by  the  equation 

f  =  36007T?jw/e  [1] 

where  77  and  e  are  the  viscosity  and  dielectric  constant 
of  the  suspending  medium  respectively.  Equation  [1] 
reduces  to 

(mV)  f  =  13.29u  [2] 

for  physiological  saline  solution  at  25°C.  Zeta  poten¬ 
tials  calculated  using  Equation  [2]  for  red  blood  cells 
in  saline  solution  containing  known  amounts  of 
Ca(II),  La(III),  and  Al(III)  are  given  in  Table  I.  It  is 
important  to  note  that  the  ionic  strength  and  pH  of 
all  solutions  was  adjusted  to  the  same  ionic  strength 
(=  0.145)  and  pH  (=  7)  of  physiological  saline  solu¬ 
tion  with  NaCl,s)  and  0.1  N  NaOH  respectively. 

The  effect  of  the  concentration  of  Ca(II),  La(IIl) 
and  Al(III)  on  the  zeta  potential  of  red  blood  cells 
was  determined  and  the  results  are  compiled  in  Table 
I  and  are  plotted  in  Figure  2.  The  ionic  strength  and 
pH  of  all  solutions  in  Table  I  were  constant.  The 
effect  of  increasing  Ca(II)  concentration  in  reducing 
the  zeta  potential  of  red  blood  cells  is  clearly  seen  in 
Figure  2.  Calcium  is  known  to  exist  as  the  simple 
unhydrolyzed  ion  at  pH  7  and  over  the  measured 
concentration  range  (Sillen  and  Martell  1964).  The 
effect  of  increasing  La(III)  concentration  in  reducing 
the  zeta  potential  of  red  blood  cells  is  seen  also  in 
Figure  2.  The  much  lower  concentration  of  La(III) 
compared  to  Ca(II)  to  bring  about  the  equivalent 
reduction  in  zeta  potential  is  in  agreement  with  the 
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Fig.  2 — Effect  of  concentration  of  Ca,  La  and  Al  on  the  zeta  potential  of  red  blood  cells  in  saline  solution  at  25°C  and  at  constant  ionic 
strength  and  constant  pH. 


Schulze  -Hardy  rule  (Shaw  1970).  Lanthanum  is  one 
of  the  few  trivalent  ions  which  exist  predominantly  in 
the  unhydrolyzed  state  at  pH  7  (Sillen  and  Martell). 
This  was  the  reason  for  the  use  of  a  lanthanum  salt  in 
this  work. 

The  effect  of  increasing  Al  concentration  on  reduc¬ 
ing  the  zeta  potential  of  red  blood  cells  is  seen  also  in 
Figure  2.  At  a  molar  concentration  of  2  X  10“\  Al  is 
more  effective  than  La  in  reducing  the  zeta  potential 
of  red  blood  cells  (-12.4  vs.  -8.8  mV).  At  higher  Al 
concentrations,  charge  reversal  is  noted  such  that  the 
red  blood  cells  are  now  positively  charged.  Alumi¬ 
num  salts  in  water  undergo  complex  hydrolysis  reac¬ 
tions  (Matijevic  and  Stryker  1966,  Matijevic  et  al. 
1961,  Rubin  and  Hayden  1973).  Aluminum  exists 
primarily  as  Al(OH)3  at  pH  7  and  in  the  concentra¬ 
tion  range  studied  (Rubin  and  Hayden  1973).  How¬ 
ever,  poly-hydroxy  aluminum  species  also  exist  in 
solution  (Matijevic  and  Stryker  1966,  Matijevic  et  al. 
1961).  It  is  the  interaction  of  these  complex  species 
with  the  red  blood  cells  which  produces  the  charge 
reversal  noted  in  the  electrophoretic  measurements. 

The  results  of  the  effect  of  Al  on  the  zeta  potential 
of  red  blood  cells  supports  Riddick’s  view  (1968)  of 
the  potential  danger  of  excessive  aluminum  salt  inges¬ 
tion.  But  in  fact  the  present  results  indicate  that 
aluminum  is  even  more  serious  than  Riddick  sug¬ 
gested  since  Al  was  treated  simply  as  a  trivalent  spe¬ 
cies  analogous  to  La(III).  The  present  results  demon¬ 
strate  conclusively  that  lanthanum  and  aluminum 
both  formally  trivalent  exhibit  quite  markedly  differ¬ 
ent  effects  on  the  zeta  potential  of  red  blood  cells. 
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Guest  Editorial 


It  has  been  suggested  that  an  editorial  be  placed  in 
this,  the  official  organ  of  the  Virginia  Academy  of 
Science,  not  as  a  codetta  crafted  by  a  retiring  per¬ 
former,  but  rather  as  a  piece  written  from  the  vantage 
point  of  the  outgoing  presiding  officer.  It  is  intended 
not  so  much  to  reflect  upon  the  past,  as  to  look  to  the 
future,  that  some  observations  will  be  made. 

The  state  of  the  Academy  is  good.  Like  most  other 
organizations,  the  Academy  has  been  subjected  to 
financial  pressures  with  the  results  that  not  all  areas 
of  potential  or  even  proper  concern  find  sufficient 
dollar  support.  In  1968,  for  example,  the  total 
receipts  of  the  Academy  were  slightly  over  twenty- 
nine  thousand  dollars;  for  1976  our  projected  income 
is  estimated  to  be  about  thirty-three  thousand  dol¬ 
lars — but  the  value  of  the  dollar  has  been  said  to  have 
slipped  in  this  interval,  making  thirty-three  thousand 
in  1976  the  equivalent  of  twenty  thousand  dollars  in 
1968!1  In  spite  of  these  factors,  but  mainly  owing  to 
the  dedicated  volunteer  work  of  many  individuals 
within  the  Academy,  our  organization  has  broadened 
its  support  of  science-related  activities  and  is  now 
actually  funding  programs  not  formerly  embraced. 
These  areas  include  a  loan  to  the  Flora  Committee 
for  the  publication  of  an  updated  atlas  and  map  of 
Virginia  Flora  (to  be  printed  and  sold  at  cost),  a 
subsidy  by  the  Science  Education  Committee  for  sci¬ 
ence  teacher  workshops,  funds  granted  to  the  Bicen¬ 
tennial  Committee  for  the  “one-time”  support  of  a 
special  observation  of  the  Nation’s  Bicentennial,  and 
funds  for  the  care  of  the  Academy  archives.  All  of  the 
aforementioned  represent  only  eight  percent  of  the 
Academy’s  annual  budget. 

The  Academy  continues  major  support  of  the  Vir¬ 
ginia  Junior  Academy  of  Science  ( circa  20%  of  total 
Academy  budget)  and  subsidy  of  the  Virginia  Journal 
of  Science  ( circa  30%  of  total  Academy  budget). 
From  1968  to  1976  support  of  the  Visiting  Scientists 
Program  has  inched  up  to  six  hundred  fifty  dollars 
from  four  hundred  dollars  (2%  vs.  1.5%  of  the  bud¬ 
get),  which  is  barely  sufficient  to  sustain  this  valuable 
activity.  On  the  other  hand,  the  Academy’s  direct 
support  of  research  via  the  research  grant  program 
has  shrunk  from  eight  percent  to  only  six  percent  of 
Academy  budget.  This  fact  is  disturbing  to  many 
members  of  the  Academy;  however,  it  is  not  out  of 
step  with  similar  trends  in  the  governmental  and  in¬ 
dustrial  sectors.  There  are  some  ways  that  our  organi¬ 
zation  could  increase  its  support  of  scientific  re¬ 
search;  unattractive  ones  would  be  to  cut  back  or 
eliminate  funding  of  the  areas  of  science  pub¬ 
lication — public  relations  or  science  education.  It 
should  be  observed  that  the  Editor  of  the  Virginia 
Journal  of  Science,  working  with  the  Publications 
Committee  and  the  printer  of  this  Journal,  The  Wil¬ 
liam  Byrd  Press,  has  already  effected  considerable 
savings  in  the  printing  costs  of  the  Journal,  with  the 

1  Data.  U.S.  Bureau  of  Labor  Statistics:  The  Consumer  Commodity  index 
indicates  that  $100  in  May  of  1968  is  the  equivalent  buying  power  of  $164  in 
May.  1976.  or  $33,000  164  X  100  =  $20,000.  For  the  Academy's  1976 

budget  to  have  the  same  buying  power  as  the  $29,000  of  1968,  the  1976 
income  would  have  to  approach  $47,560. 


result  that  subsidy  of  the  Journal  now  is  less  than  it 
was  formerly.  A  more  reasonable  way  to  increase 
Academy  funds  for  research  would  be  to  increase  the 
size  of  the  Trust  Fund,  the  income  from  which  cur¬ 
rently  provides  the  money  for  research  grants.  Re¬ 
cently,  the  Trust  Committee  arranged  for  a  slightly 
higher  yielding  investment  mechanism  for  the  Acad¬ 
emy’s  trust  funds;  but  no  one  can  expect  this  to  result 
in  a  great  increase  in  income  for  research  subsidy. 

While  on  the  topic  of  the  Journal,  it  would  be 
worth  noting  that  over  the  past  few  years  some  state 
academies  have  ceased  publication  of  their  journal, 
or  changed  format  from  journal  to  newsletter.  I  think 
that  the  Virginia  Journal  of  Science  is  a  worthy  pub¬ 
lication,  an  endeavor  of  value  to  the  scientific  com¬ 
munity,  and  an  activity  which  should  not  be  aban¬ 
doned  by  the  Virginia  Academy  of  Science.  I  also 
think  that  the  Virginia  Journal  of  Science  must  be 
tailored  to  a  broader  base  of  reader  appeal  and  in  this 
connection  have  suggested  that  it  incorporate  some 
of  the  attributes  of  a  newsletter.  Information  which 
would  be  appropriate  for  inclusion  would  be  a  col¬ 
umn  on  member  news  and  section  activities.  In  addi¬ 
tion,  it  seems  to  me  that  greater  interest  in  the  Journal 
on  the  part  of  the  Academy  Section  Editors  should 
offer  more  input  to  the  Journal.  It  has  been  observed 
that  Dr.  William  D.  McElroy,  President,  American 
Association  for  the  Advancement  of  Science,  feels  the 
publication  of  pure  research  papers — particularly  in 
biology — is  not  the  proper  pursuit  of  that  organiza¬ 
tion’s  journal,  Science2.  That  cry  is  not  unfamiliar  to 
the  ears  of  the  Editor  of  the  Virginia  Journal  of  Sci¬ 
ence,  nor  to  the  ears  of  other  Academy  officers.  To 
my  way  of  thinking,  a  middle  ground  philosophy 
should  be  pursued  for  our  Journal,  but  encour¬ 
agement  should  be  extended  to  authors  to  submit 
manuscripts  of  original  papers,  especially  those  from 
the  educational,  technological,  and  non-biological 
areas  (but  not  to  exclude  biological  or  graduate  stu¬ 
dent  papers). 

How  has  our  membership  fared,  or  rather,  what  is 
the  status  of  numbers  of  members  in  the  Virginia 
Academy  of  Science?  About  1970,  the  number  of 
members  reached  an  all-time  peak  of  slightly  more 
than  seventeen  hundred  (1,400  regular  members  plus 
280  contributing,  sustaining,  student  or  life  members 
plus  34  business  members  of  the  Academy).  In  1975, 
the  total  membership  dropped  to  fifteen  hundred,  the 
principal  loss  being  about  200  regular  members,  or  an 
attrition  of  13%.  More  disturbing,  however,  was  the 
loss  of  10  business  members  between  1968  and  1974. 
With  the  efforts  of  the  Business  Relations  Com¬ 
mittee,  chaired  by  President  Powell,  this  trend  has 
been  reversed  and  there  are  now  25  business  members 
of  the  Academy. 

The  trend  of  disenchantment  or  disfranchisement 
of  the  industrial-technical  peoples  has  been  ably  re¬ 
marked  upon  by  Dr.  McElroy:  “A  wedge  was  driven 
between  the  industry  and  the  university  after  World 

2  Ref.  “Changes  Due  in  Science  Association"  New  York  Times  Service, 
December.  1975.  (Interview  with  Dr.  McElroy). 
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War  II  when  science  gained  new  non-industrial  finan¬ 
cial  support.  This  was  an  unfortunate  separation. 
There  must  be  a  free  flow  of  ideas  and  knowledge 
between  the  universities  and  the  industrial  commu¬ 
nity  if  we  expect  to  solve  our  major  problems  in 
energy,  population  control,  food  production,  land 
use,  water  use  and  the  like.”2 

I  would  like  to  point  out  that  the  Virginia  Acad¬ 
emy  of  Science  is  now  addressing  itself  to  some  of 
these  problem  areas  within  our  Commonwealth.  The 
Science  Advisory  Committee  has  been  cooperating 
with  our  State  Government  on  matters  of  the  envi¬ 
ronment,  for  example,  by  serving  on  the  Water  Qual¬ 
ity  Standards  Advisory  Committee,  State  Water  Con¬ 
trol  Board.  In  addition,  the  Academy  has  sponsored 
lectures  on  energy  problems  (“Science  and  the  World 
of  Tomorrow”,  Dr.  Thomas  O.  Paine,  Senior  Vice 
President,  G.E.  Corp.;  “New  Energy  Sources  for  the 
1980’s”,  Dr.  Aaron  Wold,  Prof,  of  Chemistry  and 
Engineering,  Brown  University),  food  problems  (Dr. 
William  J.  Darby,  President,  The  Nutrition  Founda¬ 
tion,  New  York),  and  has  provided  a  forum  for  sym¬ 
posia  on  science  and  technology  topics  that  have 
impact  on  our  environment  (Joint  Session,  1975  an¬ 
nual  meeting — Engineering  and  Environmental  Sci¬ 
ences  Section:  “Impact  of  Federal  Water  Pollution 
Control  Act  Amendments  of  1972  on  the  State  and 
Nation”)  and,  that  deal  with  science  education  (Sym¬ 
posium  on  Science  Museums).  Undoubtedly,  the  tire¬ 
less  efforts  of  a  handful  of  Academy  members,  mostly 
serving  on  the  Science  Museum  Committee,  have 
brought  nearer  to  reality  a  State  Science  Museum  and 
a  science  museum  network  for  our  Commonwealth. 

Our  Membership  Committee  has  been  working  to 
recruit  new  members  to  the  Academy,  especially  from 
the  community  and  junior  colleges  and  the  university 


campuses.  These  labors  are  beginning  to  bear  fruit.  A 
reservoir  which  has  hardly  been  tapped  is  the  many 
hundreds  of  science  teachers  from  the  public  and 
private  secondary  schools  of  Virginia.  I  am  firmly 
convinced  that  aside  from  an  occasional  “joiner”,  the 
Virginia  Academy  of  Science  can  only  attract  as 
members  those  persons  who  can  foresee  some  profes¬ 
sional  benefit  to  themselves  from  such  an  affiliation. 
The  Long  Range  Planning  Committee  is  currently 
compiling  a  documentation  of  such  benefits  from 
Academy  membership.  Ultimate  financial  restraints 
not  withstanding,  it  is  the  endeavors  of  the  members 
of  the  Academy — their  devotion  and  selfless  service — 
that  makes  our  organization  move  ahead.  I  would 
submit,  therefore,  that  educators,  “science-users” 
and  academicians  should  join  our  Academy  AND 
participate  in  the  programs  of  the  Academy.  Then 
they  may  ask,  “what  will  membership  do  for  me?” 

With  the  permission  of  one  of  our  newly  elected 
Honorary  Life  Members,  I  will  close  this  collection  of 
variations  on  a  theme  by  excerpting  a  recent  letter 
from  him: 

“Looking  back  over  the  past  half  century,  I  can 
only  conclude  that  the  Academy  has  been  a  far 
greater  factor  in  shaping  my  career  than  any  in¬ 
fluence  I  have  had  on  its  growth  and  value  to  the 
people  of  Virginia  and  to  science  in  general.  It  is  I 
who  is  indebted  to  the  Academy;  not  the  reverse. 
The  Virginia  Academy  of  Science  has  indeed  been 
a  potent  factor  in  my  life  and  I  am  sure  that  the 
stimulus  to  learn  more  and  more  in  the  field  of 
science  has  enabled  me  to  pass  on  to  my  students 
much  that  they  would  have  missed  had  I  not  been  a 
member  of  the  Academy.” 


Arthur  W.  Burke,  Jr. 
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